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(54) Hologram transfer film 

(57) Disclosed is a hologram transfer film which can 
realize easy and good transfer of a hologram and, at the 
same time, can realize stable transfer of the hologram in 
a transfer process. The hologram transfer film com- 
prises: a substrate film; and a transfer layer provided on 
the substrate f flm, the transfer layer comprising a holo- 
gram-forming layer and a heat-sensitive adhesive layer 
provided in that order on the substrate film, the holo- 
gram-forming layer having a breaking strain of 0.5 to 
15% at 25°C and a breaking strain of 0.5 to 30% at 
120°C. 
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Description 

[0001] The present invention relates to a hologram transfer fflm with good hologram transferability which can easily 
apply a hologram to various objects. 
s [0002] The present invention also relates to a production process of a hologram transfer fflm suitable for small lot 
production of a plurality of kinds of products with high efficiency. 

[0003] The present invention further relates to a photocurable resin composition and a hologram and a forgery-pre- 
venting sheet using the photocurable resin composition, and more particularly to a photocurable resin composition, 
which can yield a coating having simultaneously heat resistance, softness and other properties, and a hologram and a 

w forgery-preventive sheet, with the hologram being infused therein as a lustrous thread, using the resin composition. 
[0004] In conventional hologram transfer films, in general, a surface relief hologram layer, wherein a hologram is 
formed by providing concaves and convexes on the surface thereof, is mainly used in a hologram-forming layer. A rep- 
resentative construction of the hologram transfer film known in the art comprises a substrate film having thereon a 
release layer, a surface relief hologram layer, a reflective thin f Dm layer, and a heat-sensitive adhesive layer. 

is [0005] At the time of thermal transfer, in other words, hot stamping, the hologram layer in the hologram transfer fflm 
should be sharply cut and transferred onto an object, that is, should have good transferability and should be exactly 
transferred onto an object 

[0006] Many of the conventional hologram transfer f Oms, however, have unsatisfactory hologram transferability, and 
are very unstable in transfer process. That is, the hologram layer can be in some cases s atis fact o rily transferred and in 
20 some cases cannot be satisfactorily transferred Therefore, an improvement in the transferability has been desired in 
the art 

[0007] Accordingly, it is a first object of the present invention to provide a hologram transfer fflm which can solve the 
above problem of the prior art and enables a hologram to be easily and exactly transferred with good stability in the 
transfer process. 

25 [0008] An example of a conventional forgery-preventive sheet is such that a forgery-preventive printed pattern (a 
ground design) is formed by printing fine dots or hairlines on the surface of the sheet. In this sheet, upon copying in a 
light mode, the dots or the lines cannot be dearly copied, while upon copying in a deep mode, the dots are blurred and 
seen like lines or letters, and the fines are blurred to thicken the lines. In recent years, however, this method has become 
insufficient for preventing forgery. 

30 [0009] In order to solve this problem, a forgery-preventive sheet has been proposed wherein, for example, a lus- 
trous thread is infused into one side of a base sheet (Japanese Patent Laid -Open No. 56377/1995). This forgery-pre- 
ventive sheet is intended to prevent forgery by utilizing a phenomenon such that, even upon color copying, a metallic 
color does not appear in portions corresponding to the lustrous thread. 

[001 0] Further, diffraction gratings or relief holograms have hitherto been used for the decoration or the prevention 

35 of forgery of various cards, securities and the like. 

[0011] With expansion of the above applications, the diffraction grating or the relief hologram has become required 
to have such properties as the capability of being infused as watermarks into papers, excellent strength, heat resist- 
ance, scratch resistance, water resistance, chemical resistance, and adhesion to substrates, and conformabilrty to flex- 
ing or expansion/contraction of objects with hologjams or diffraction gratings being applied thereon. In particular, in the 

40 case of diffraction gratings or relief holograms formed of a cured product of a conventional photocurable coating com- 
position, a resin used in the production thereof loses flexibility upon photocuring, and, thus, flexing or expansion/con- 
traction of an object with the holograms or the diffraction grating being applied thereon results in loss of the function of 
the diffraction grating or the relief hologram. 

[0012] Accordingly, it is a second object of the invention to provide a photocurable resin composition that can form 
45 a diffraction grating, a hologram or the like which can solve the problems of the prior art and has excellent strength, heat 
resistance, scratch resistance, water resistance, chemical resistance, and adhesion to substrates, and conformabilrty 
to flexing or expansion/contraction of objects with holograms or diffraction gratings being applied thereon, and to pro- 
vide a hologram or diffraction grating sheet 

[0013] According to the first aspect of the invention, there is provided a hologram transfer fflm comprising: a sub- 
so strate film; a transfer layer provided on the substrate film, the transfer layer comprising a hologram-forming layer and a 
heat-sensitive adhesive layer provided in that order on the substrate film, the hofogram-forrrring layer having a breaking 
strain of 0.5 to 15% at 25 °C and a breaking strain of 0.5 to 30% at 1 20°C. The presem inventor has found that the trans- 
ferability is influenced by strain at break of the rwtogranvforming layer, which had led to the completion of the present 
invention. 

55 [0014] A process for producing the hologram transfer fflm according to the first aspect of the invention comprises 
the steps of: providing a fflm having a hologram-forming layer and a flm having a heat-sensitive adhesive layer in 
respective independent steps; and then laminating these films in combination according to applications of the hologram 
to prepare the hologram transfer film. According to this production process, mere lamination of a film having a hoJo- 
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gram-forming layer and a fOm having a heat-sensitive adhesive layer, which have already been produced in respective 
independent steps, in combination according to need can provide a hologram transfer f Dm. Therefore, this production 
process is particularly suitable for smaD lot production of a plurality of Kinds of products. 

[001 5] In order to attain the second object, the present inventor has made further studies on material systems pro- 
5 posed by the present applicant in Japanese Patent Laid-Open No. 156273/1986 and Japanese Patent Publication No. 
54502/1993, and, as result, has found that this object can be attained by regulating the Young's modulus at 1% elonga- 
tion of cured products of photocurabie resin compositions using these materials to a specific ranga This had led to the 
completion of the second aspect of the invention. 

[001 6] Thus, according to the second aspect of the invention, there are provided a photocurabie resin composition 
10 for providing a formative layer formed of a hologram or a diffraction grating on a substrate having a Young's modulus at 
1% elongation of not less than 2,000 MPa at 25 °C and a Young's modulus at 1% elongation of not less than 350 MPa 
at 120°C, wherein the photocurabie resin composition provides a cured product of which the Young's modulus at 1% 
elongation at 25 °C and the Young's modulus at 1% elongation at 120°C are respectively lower than those of the sub- 
strate, and a hologram or diffraction grating sheet comprising: a substrate film; a formative layer formed of a hologram 
is or a diffraction grating provided on the substrate fim; and a pressure-sensitive adhesive layer provided on the formative 
layer, the formative layer having Young's modulus at 1% elongation at 25°C and the Young's modulus at 1% elongation 
at 1 20 °C respectively lower than those of the substrata 

Fig. 1 is a schematic cross-sectional view showing a basic form of a hologram transfer film; 

20 Fig. 2 is a schematic cross-sectional view of a hologram transfer film having the same layer construction as the 
hologram transfer film shown in Fig. 1 , except that a release layer is additionally provided; 
Fig. 3 is a schematic cross-sectional view of a surface relief hologram transfer film having the same layer construc- 
tion as the hologram transfer fim shown in Fig. 1 , except that a reflective layer is additionally provided; 
Fig. 4 is a diagram illustrating an embodiment of a transfer process using the hologram transfer film according to 

25 the present invention; 

Fig. 5 is a diagram showing an S-S (stress-strain) curve for a cured hologram layer in Example A1; and 
Fig. 6 is a diagram illustrating a method for forming concaves and convexes used in working examples. 

First aspect of the invention 

30 

[001 7] The present invention will be described in more detail with reference to the accompanying drawings. 
[0018] Fig. 1 shows a cross-sectional view of a basic form of the hologram transfer film according to the present 
invention. Specifically, as shown in Fig. 1, a hologram transfer film 1 accord ng to the present invention comprises: a 
substrate film 2; and a hologram-forming layer 4 and a heat-sensitive adhesive layer 5 laminated in that order on the 
35 substrate film 2 to constitute a transfer layer 3. The hologram-forming layer 4 is characterized by having a breaking 
strain at 25°C of 0.5 to 15% and a breaking strain at 120 °C of 0.5 to 30%. When the breaking strain is in the above 
ranga the transferability of the hologram is good. 

[0019] According to the transfer film of the present invention, as shown in Fig. 2, the provision of a release layer 6 
between the substrate film 2 and the hdograrrvforming layer 4 is preferred from the viewpoint of attaining the effect of 

40 enhancing the releasabiCty of the transfer layer 3 from the substrate film 2 at the time off thermal transfer. When the 
adhesion between the release layer 6 and the hologram-forming layer 4 is low, a layer for improving the adhesion may 
be provided. When the hologram-forming layer 4 is a surface relief hologram layer, as shown in Fig. 3, a reflective layer 
7 may be provided between the hologram-forming layer 4 and the heat-sensitive adhesive layer 5. 
[0020] Next, the substrate fim and materials for respective layers, which constitute the hologram transfer film of the 

45 present invention, will be described. 

[0021 ] Examples of the substrate film 2 include films of polyethylene terephthalate (PET), polyvinyl chloride (PVC). 
pofyvinytidene chloride, polyethylene, polypropylene, polycarbonate, cellophane, acetate, nylon, polyvinyl alcohol, 
polyamida polyamide-imide, ethyl en e-vinyl alcohol copolymer, polymethyf methacrylate (PMMA), polyether suffone, 
and polyether ether ketone (PEEK). The thickness of the substrate f flm 2 is generally about 5 to 200 jim, preferably 10 

so to50|im. 

[0022] When the holograrn-forming layer 4 is a surface relief hologram-forming layer, a surface relief hologram may 
be formed, for example, by coating a surface relief hologram-forming material on a substrate typified by the substrate 
film 2 and heat-pressing the surface of the forming material by means of a press stamper, which has been prepared 
continuously from a master hologram prepared using a laser beam, to form a fine concave-convex pattern. 
55 [0023] Materials for the surface relief holo^am-fbrming material usable herein include, but are not particularly lim- 
ited to, various resin materials, which have hitherto been used as materials for relief hotograrn-forming layers, such as 
thermosetting resins, thermoflexfole resins, and ionizing radiation-curable resins. Thermosetting resins include, for 
example, unsaturated polyester resins, acryl-modified urethane resins, epoxy-modified acrylic resins, epoocy-modified 
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unsaturated polyester resins, alkyd resins, and phenolic resins. Thermof lexible resins include, for example, acrylic ester 
resins, acrylamide resins, nitrocellulose resins, and polystyrene resins. These resins may be homopolymers or copoly- 
mers of two or more components. Further, these resins may be used alone or in combination of two or mora Any suit- 
able material may be selected from the following materials and compounded in these resins: various isocyanate 
5 compounds; metallic soaps, such as cobalt naphthenate and zinc naprtthenate; organic peroxides, such as benzoyl 
peroxide and methyl ethyl ketone peroxide; and heat or ultraviolet curing agents, such as benzophenone, acetophe- 
none, anthraquinone, naphthoquinone, azobisisobutyronrtrile, and diphenyl sulfide. 

[0024] Ionizing radiation-curable resins include, for example, epoxy-mocfified acrytate resins, urethane-modrfied 
acrytate resins, and acryl -modified polyesters. Among them, urethane-mocfified acrytate resins are particularly pre- 
w ferred. Urethane-modrfied acrylic resins represented by the following formula are particularly preferred: 
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wherein five R^s each independently represent a hydrogen atom or a methyl group; represents a C 1 - C 16 
hydrocarbon group; X and Y each represent a straight-chain or branched alkylene group; and, with the sum of a. b, c, 
40 and d being 100, a is an integer of 20 to 90, b is an integer of OtoSO. c is an integer of 10 to 80, and d is an integer of 
0to20. 

[0025] A preferred example of the urethane-modrfied acrylic resin is an acryfic copolymer produced by copolymer- 
izing 20 to 90 moles of methyl methacrylate with 0 to 50 moles of methacrylrc acid and 10 to 80 moles of 2-hydroxyethyl 
methacrytate. In this copolymer, hydroxyl groups present in the copolymers have been reacted with methacryloytoxye- 

45 thyl isocyanate (2-isocyanate ethyl methacrylate). 

[0026] Therefore, the copolymer is not required to be in such a state that all the hydroxyl groups present in the 
copolymer have been reacted with the m ethacrytoyt orxy ethyt isocyanate. More specifically, the copolymer may be in 
such a state that at least 10% by mole, preferably not less than 50% by mole, of the hydroxyl groups in 2 -hydroxy ethyl 
methacrylate units have been reacted with the methacryloyloxyethyl isocyanate. Hydroxyl -containing monomers, such 

so as N-methylolacrylamide, N-methylolmethacrylamide, 2 -hydroxy ethyl acrylate, 2- hydroxy ethyl methacrylate, 2-hydrox- 
ypropyl acrylate, 2-hydroxypropyl methacrylate, 4-hydroxybutyl acrylate, and 4-rtydroxybutyl methacrylate. may be used 
instead of or in combination with the 2-hydroxyethyl methacrylate. 

[0027] Thus, for example, when the formation of diffraction gratings and the like is contemplated, the resin compo- 
sition composed mainly of a urethane-modrfied acrylic resin with a large number of methacryloyl groups being tntro- 
55 duced into the molecule through the utilization of hydroxyl groups present in a hydraxyl-containing acryfic resin enables 
ionizing radiations, such as ultraviolet light and electron beams, to be used as curing means and, in addition, can form 
diffraction gratings and the like possessing excellent softness, heat resistance and other properties despite high 
crosslink density. 
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[0028] In the preparation of the urethane- modified acryOc resin, the copolymer may be dissolved in a solvent capa- 
ble of dissolving the copolymer, for example, toluene, ketone, cellosolve acetate, or dimethyl sulfoxide, to prepare a 
solution, to which methacryioytoxyethyl isocyanate is added dropwise with stirring of the solution to react isocyanate 
groups with hydroxy! groups in the acrylic resin to form a urethane bond, thereby introducing methacryloyl groups into 

5 the resin through the urethane bond. In this case, the amount of methacryloyloxyethyi isocyanate used is such that the 
ratio of the isocyanate group to the hydroxy! group in the acrylic resin is 0. 1 to 5 moles, preferably 0.5 to 3 moles, of the 
isocyanate group per mole of the hytfroxyl group. When the amount of methacryioytoxyethyl isocyanate used is one 
equivalent or more based on the amount of the hydroxy! group in the resin, there is a possibility that the methacryloy- 
loxyethyi isocyanate is also reacted with carboxyl groups in the resin to create Gnkage of -CONH-ChfeCHg-. 

10 [0029] The above embodiment is such that, in the above formula, all FVs and F^'s represent a methyl group and X 
and Y each represent an ethylene group. The present invention, however, is not limited to this embodiment. Specifically, 
five F^'s each independently may represent a hydrogen atom or a methyl group. Further, specific examples of 
include methyl, ethyl, n- or iso-propyl, n-, iso-. or t-butyt. substituted or unsubstituted phenyl, and substituted or unsub- 
stituted benzyl groups. Specific examples of X and Y include ethylene, propylene, diethyl en e, and d propylene groups. 

75 The molecular weight of the whole urethane-mocfrfied acrylic resin, thus obtained, to be used in the present invention is 
preferably 10,000 to 200,000, more preferably 20,000 to 40,000. as measured by gel permeation chromatography 
(GPC) using polystyrene as a standard. 

[0030] In curing the ionizing radiation-curable resin, the monomer may be used in combination with the following 
monofunctional or polyfunctionai monomers, oligomers and the like from the viewpoint of regulating the crosslinked 

20 structure and the viscosity. 

[0031 ] Examples of monofunctional monomers usable herein include mono(meth)acrylates, such as tetrahydrofur- 
furyl (meth)acrytate, hydroxy ethyl (meth)acrylate, vinytpyrrolidone, (meth)acryloylaxyethy! succinate, (meth)acrytoy- 
loxyethyl phthalate, and examples of brfunctional or higher monomers usable herein include, when classified according 
to skeleton structure, pofyol (meth)acrylates (such as epoxy-modif ied polyd (meth)acrylate and lactone-modif ied potyoJ 

25 (meth)acrytate). polyester (meth)acrylate, epoxy (meth)acrylate. urethane (meth)acrylate, and other pcty(meth)acr- 
ylates having polybutacOene, isocyanuric acid, hydantoin, melamine, phosphoric acid, imide, phosphazene and other 
skeletons. That is. various ultraviolet- or electron beam-curable monomers, oligomers, and polymers are usable. 
[0032] More specifically, examples of bifunctional monomers and oligomers include polyethylene glycol 
di(meth)acrylate, polypropylene glycol di(meth)acrylate, neopentyi glycol di(meth)acrylate, and 1,6-hexanediol 

so di(meth)acrylate; examples of trifunctionaJ monomers, oligomers, and polymers include trimethylotpropane 
tri(meth)acrylate, pentaerythritol tri(meth)acrylate. and aliphatic tri(meth)acry!ate; examples of tetrafunctional mono- 
mers and oligomers include pentaerythritol tetra(meth)acrylate, drbimethylolpropane tetra(meth) acrylate, and aliphatic 
tetra(meth)acrylate; and examples of pentafunctional or higher monomers and oligomers include cfipentaerythrrtol 
penta(meth)acrylate, dipentaerythrrtol hexa(meth)-acrylate and, in addition, (meth)acrylates having a polyester skele- 

35 ton, a urethane skeleton, and phosphazene skeleton. The number of functional groups is not particularly limited. How- 
ever, when the number of functional groups is less than 3, the heat resistance is likely to lower. On the other hand, when 
the number of functional groups is 20 or more, the softness is likely to lower. For this reason, the number of functional 
groups is particularly preferably 3 to 20. 

[0033] In forming a relief hoiopjam in the hologram-forming layer comprising the above materials, a press stamper 
40 having concaves and convexes is pressed against the surface of the rralogram-forrring layer to form concaves and con- 
vexes on the surface of the hdorganvforming layer. In this connection, a release agent may be previously incorporated 
into the hologram-forming layer so that the hologram-forming layer can be easily separated from the press stamper. 
Release agents usable herein include conventional release agents, for example, solid waxes, such as polyethylene 
wax, amide wax, and Teflon powder, surfactants, such as fluorine and phosphoric ester surfactants, and silicones. Par- 
45 ticularty preferred release agents are modified silicones, and specific examples thereof include: 

1) silicone oils of side chain modification type; 

2) silicone oils of both ends modification type; 

3) silicone oils of one end modification type; 

so 4) silicone oils of side chain and both ends modification type; 

5) methytpolysiloxanes containing trimetfiylsiloxy -silicic acid (hereinafter referred to as "silicone resin"); 

6) silicone-grafted acrylic resins; and 

7) methytphenylsilicone oils. 

55 [0034] Modified silicone oils are classified into reactive silicone oils and nonreactive silicone ofls. 

[0035] Reactive silicone oils include ami no-modified, epoxy-modrfied, rartoxyt-nxrirfied, carbind-modified, meth- 
acryl -modified, mercapto-modified, phenol-mocfified. and one-end reactive, and dissimilar functional grain-modified sil- 
icone oils. 
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[0036] Nonreactive silicone oils include rxxyether-modified, methytstyryl-modffied, alkyl-modified, higher fatty ackJ 
ester-modified, hydrophilic group-modified, higher aJkoxy -modified, higher fatty actd-mocfifted. and fluorine-modified sfl- 
icone oils. 

[0037] Among the above silicone oils, reactive silicone oDs of the type having a group reactive with the film-forming 
component in the hologram-forming layer is reacted with the component in the course of curing of the hologram-forming 
layer, and bonded to the component, and, therefore, can impart unique properties to the hologram-forming layer without 
bleeding on the surface of the hologram-forming layer on which a concave-convex pattern is formed later. They are par- 
ticularly effective in improving the adhesion to a deposit layer formed in the step of vapor deposition. 
[0038] The thickness of the surface relief hologram layer is generally 0. 1 to 50 urn, preferably 1 to 20 jim. 
[0039] When the hologram-forming layer 4 is a volume hologram-forming layer, the volume hologram may be 
formed by coating a volume hologram-forming material on a support film and recording interference fringes, corre- 
spond ng to a wave front of light from an object in the form of transmrttance modulation or refractive index modiJation 
within the hologram-forming layer. Further, duplication can be easily carried out by intimately contacting an original 
plate for a volume hologram with the hologram-forming layer and then conducting exposure and development. 
[0040] Volume hologram layer-forming materials usable herein include all conventional volume hologram-recording 
materials, such as silver salt materials, bichromated gelatin emulsions, photopolymerizable resins, and photoaossl ink- 
able resins. A photosensitive material, for dry volume phase hologram recording applications, comprising a matrix pol- 
ymer, a photopolymerizable compound, a photopolymerization initiator, and a sensitizing dye is particularly preferred. 
[0041] Photopolymerizable compounds include photopolymerizable, photocro ssl inkable monomers, oligomers, 
and prepofymers having at least one ethylenicafly unsaturated bond per molecule which will be described later, and 
mixtures of the above compounds, for example, unsaturated carbaxyfic acids and salts thereof, esters of unsaturated 
carboxyiic acids with aliphatic polyhydric alcohols, and compounds in which unsaturated carboxylic acids are linked to 
aliphatic polyamine compounds by an amide linkage. 

[0042] Specific examples of monomers of unsaturated carboxylic acids include acrylic acid, methacrylic acid, ita- 
conic acid, crotonic acid, isocrotonic acid, maletc acid, and halogen-substituted unsaturated carbaxyfic acids, for exam- 
ple, chlorinated unsaturated carboxylic acids, brominated unsaturated carboxylic acids, and fluorinated unsaturated 
carboxylic acids. Salts of unsaturated carbaxyfic acids include sodium and potassium salts of the above acids. 
[0043] Regarding specific examples of monomers of esters of aliphatic polyhydric alcohols with unsaturated car- 
boxylic acids, acrylic esters include ethylene glycol diacrylate, tri ethylene glycol cfiacrylate, 1 ,3-butanediol dacrylate. 
tetramethytene glycol diacrylate, propylene glycol cfiacrylate, neopentyl glycol diacrylate, trimethylolpropane triacrytate, 
trimethylolpropane tri(acryloylaxypropyf) ether, trimethyiolethane triacrylate, hexanedtol diacrylate. 1 ,4-cyclohexanediol 
diacrylate, tetra ethylene glycol diacrylate. pentaerythritol diacrylate, pentaerythritol triacrylate, perrtaerythritol tetraacr- 
yiate, dipentaerythritol diacrylate, diperrtaerythritol triacrylate, dipentaerythritol tetraacryiate, dipentaerythritol hexaacr- 
ylate, sorbitol triacrylate, sorbitol tetraacryiate, sorbitol pentaacrylate, sorbitol hexaacrytate, tri(acryloytoxyethyl) 
isocyanurate, polyester acryiate oligomer, 2-phenoxyethyl acrylate, 2-phenoxyethyl methacrylate, phenol ethoxylate 
monoacrylate, 2-(p-chlorophenoxy) ethyl acrylate, p-chlorophenyl acrylate, phenyl acrylate, 2-phenyl ethyl acrylate, (2- 
acrytaxy ethyl) ether of brsphend A, ethaxytated bisphend A dacrytate, 2-(1 -naphthyloxy) ethyl acrylate, o-biphenyl 
methacrylate, and o-biphenyl acrylate. 

[0044] Methacrylic esters include tetramethyiene glycol cfi methacrylate, triethylene glycol cf methacrylate. neo- 
pentyl glycol c£ methacrylat e, trimethylolpropane tri methacrylate, trimethyiolethane trim ethacryiate , ethylene glycol 
dimethacrytate, 1 ,3-butanediol di methacrylate, hexanediol dimethacrylate, pentaerythritol d methacrylate, pentaeryth- 
ritol trimethacrylate, pentaerythritol tetramethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol hexamethacr- 
ylate, sorbitol trimethacrylate, sorbitol tetramethacrylate, bts-[p-(3-methacrytc*y-2-h^ 
dimethyl methane, bis-Q><acrylaxye1hoxy)phen^^ 2,2-bis44-metriacrytoytoxy^ and 2- 

naphthyl methacrylate. 

[0045] ftaconic esters include ethylene glycol diitaconate, propylene glycol dfrtaconate, 1 ,3-butanediol diitaconate, 
1 ,4-butanediol diitaconate, tetramethyiene glycol diitaconate. perrtaerythritol diitaconate, and sorbitol tetraitaconata 
[0046] Crotonic esters include ethylene glycol dicrotonate, tetramethyiene glycol dicrotonate, pentaerythritol dicro- 
tonate, and sorbitol tetracrotonate. 

[0047] Isocrotonic esters include ethylene glycol dusocrotonate, pentaerythritol dOsocrotonate, and sorbitol tetrai- 
socrotonate. 

[0048] Maleic esters include ethylene glycol dimaleate, triethylene glycol dimaleate, pentaerythritol dimaleate, and 
sorbitol tetramaleate. 

[0049] Halogenated unsaturated carboxylic acids usable herein include 2,2,3,3-tetrafluoropropyl acrylate, 
1H.1H,2H,2H-heptadecafluorodecyl acrylate, 2£,3,3-tetrafluaopropyl methacrylate, lH,lH,2H^H-heptadecafluoro- 
decyl methacrylate. 2,4,6-tribromophenyl methacrylate, dibromoneoperttyl dimethacrylate (NK Ester DBN (tradename), 
manufactured by Shin-Nakamura Chemical Co.. Ltd.), dibromopropyl acrylate (NK Ester A-DBP (tradename), manufac- 
tured by Shin-Nakamura Chemical Co., Ltd.), dibromopropyl methacrylate (NK Ester DBP (tradename), manufactured 
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by Shin-Nakamura Chemical Co., Ltd.), methacryiic acid chloride, 2,4,6-trichlorophenyi methacrylate, p-chiorostyrene, 
methyl 2-chloroacrylate, ethyl 2-chk>roacrytate, n-butyl-2-chloroacrytate, tribromophenol acrylate, and tetrabromophe- 
nolacrylate. 

[0050] Specific examples of monomers of compounds, in which unsaturated carboxyGc adds are linked to aliphatic 
s polyamine compounds by an amide Gnkage, include methylenebisacrytamide. methyl en ebtsmethacryl-amide, 1,6-hex- 
amethylenebisacrylairride. 1 ,6^exam ethyl en ebismethacryl amide, diethyl en etri amine thsacryiamkJe, xylylenebisacry- 
lamide, xylylenebismethacryiamide, N-phenylmethacryl amide, and diacetoneacryi amide. 

[0051] Other examples include polyisocyanate compounds having two or more isocyanate groups per molecule 
descrbed in Japanese Patent Publication No 41708/1973 and vinyl urethane compounds having two or more potym- 
w erizable vinyl groups per molecule with a hytfroxy] -containing vinyl monomer represented by formula (1) being added 
thereto 
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wherein R and R* each independently represent a hydrogen or a methyl g^oup. 
[0052] Urethane acrylates described in Japanese Patent Laid-Open No 37193/1976 and polyester acrylates and 
poiyfunctional acrylates and methacrylates, prepared from epoxy resin and (meth)acryiic acid or the like, described in 
25 Japanese Patent Laid-Open No. 64183/1973 and Japanese Patent Publication Nos. 43191/1974 and 30490/1977 may 
also be used. 

[0053] Further, compounds introduced as photocurable monomers and oligomers in Journal of the Adhesion Soci- 
ety of Japan, vol. 20, No. 7, 300-308 (1984) may also be used. 

[0054] Regarding other examples, phosphorus-containing monomers include: mono(2-acryloylQxyethyl) acid phos- 
30 phate (Light Ester PA (tradename), manufactured by Kyoeisha Chemical Co, Ltd.) and mono(2-methacryloy1oxy ethyl) 
acid phosphate (Light Ester PM (tradename), manufactured by Kyoeisha Chemical Co., Ltd.); and epoxy acrylate mon- 
omers (Ripoxy VR-60 (tradename), manufactured by Showa High Polymer Co., Ltd.; and Ripoxy VR-90 (tradename), 
manufactured by Showa High Polymer Co., Ltd.). 

[0055] Further, NK Ester M-230G (tradename) manufactured by Shin-Nakamura Chemical Co., Ltd. and NK Ester 
35 23G (tradename) manufactured by Shin-Nakamura Chemical Co., Ltd. are usable. 

[0056] Further examples of monomers include: triacrylates represented by formulae (2) and (3): 



u 

CH^CHCCKDCH^I^ 



45 O 1 o 

CH2CH2COOCH=CH2 



(Aronix M-315, manufactured by Toa Gasei Chemical Industry Co., Ltd.) 
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O 

CH 2 =CHCOOCH^CH2 11 CHaCHgCOOCH^Chfe 




(3) 



CHaCHaOfCHgkOCOCH^CHa 



(Aronix M-325, rnanufactured by Toa Gosei Chemical Industry Co., Ltd.); 2. 2'-bfs(4-acryioxy-di ethoxypherryl)propane 
(NK Ester A-BPE-4 (tradename), manufactured by Shin-Nakamura Chemical Ca, Ltd.); and tetramethylol methane 
tetraacrylate (NK ester A-TMMT (tradename) manufactured by Shin-Nakamura Chemical Co., Ltd.). 
[0057] Examples of plasticizers, which may be optionally added, include: potyhydric alcohols, such as ethylene gly- 
col, diethylene glycol, tri ethylene glycol, glycerin, and trimethyiotpropane; phthalic ester plasticizers, such as c£ methyl 
phthalate (DMP). diethyl phthalate (DEP), dibutyl phthalate (DBP). heptyinonyl phthalate (HNP), di-2-ethylhexyl phtha- 
tate (DOP), di-n-octyl phthalate (DNOP), di-i-octyl phthalate (DCapP), (79 alkyO phthalate (D79P). di-i«Jecyl phthalate 
(DIDP), drtridecyt phthalate (DTDP), dicydohexyl phthalate (DCHP), butylbenzyt phthalate (BDP), ethylphthalylethyl 
glycolate (EPEG), and butylphthalylbutyl glycotete (BPBG); aliphatic d basic add ester plasticizers. such as di-2-ethyl- 
hexyf adipate (DOA), di-(methylcyctohexyl) adipate, diisodecyl adipate (DIDA), di-n-hexyl azelate (DNHZ), di-2-ethyl- 
hexyf azelate (DOZ), dibutyl sebacate (DBS), and di-2-ethylhexyl sebacate (DOS); citric ester plasticizers, such as 
triethyl citrate (TEC), tributyl citrate (TBC), tri ethyl acetylcitrate (ATEC), and tributyl acetyl citrate (ATBC); epoxy plasti- 
cizers. such as epoxkJized soybean oil; and phosphoric ester plasticizers, such as tributyl phosphate (TBP). triphenyl 
phosphate (TPP). trier esyl phosphate (TCP), and tripropylene glycol phosphate. 

[0058] Regarding initiator systems, photopolyrnerization initiators include, for example. 1 ,3-di (t-butyUioxycarbo- 
nyObenzophenone, 3,3\4,4Metra)ds(t-butyldioxyc^^ N-phenylglycine, 2,4,&-tris(trichloromethyf)- 

s-triazine, 3-phenyt-5Hsoxazoione, 2 -mercaptcbenz imidazole, and dimers of imidazole. Preferably, the photopolyrneri- 
zation initiator is decomposed after recording of the hologram from the viewpoint of stabilizing the recorded hologram. 
An organic peroxide system is preferred because it can be easily decomposed upon ultraviolet irradiation. 
[0059] Examples of sensitizing dyes include dyes having absorption of light at 350 to 600 nm, such as thiopyrilium 
salt, merocyanine, qu incline, styrytquinoline, ketocoumarin, thioxanthene, xanthene, axonoJ. cyanine, rhodamine, thi- 
opyrilium salt, pyrilium ion, and diphenyliodonium ion dyes. Sensitizing dyes having absorption of light in a wavelength 
region of not more than 350 nm or not less than 600 nm may also be used. Matrix polymers usable herein include 
polymethacryiic esters or partial hydroryzates thereof, polyvinyl acetate or hydroiyzates thereof, polyvinyl alcohol or par- 
tial acetalization products thereof, triacetyteeJlulose, potyisoprene, pofybutadiene, polychloroprene, silicone rubber, pol- 
ystyrene, polyvinyl butyral, polychloroprene, polyvinyl chloride, chlorinated polyethylene, chlorinated polypropylene, 
poly-N-vinylcarbazole or derivatives thereof, pdy-N-vinytpyrrolidone or derivatives thereof, copolymer of styrene wfth 
maleic anhydride or semi-esters thereof, and copolymers using, as a comonomer, at least one monomer selected from 
copolymerizable monomers, such as acrylic acid, acrylic esters, methacryfic acid. methacryOc esters, acrylamide, aery- 
lonitrile, ethylene, propylene, vinyl chloride, and vinyl acetate, and mixtures of the above polymers. Preferred are 
potyisoprene, polybutadiene, polychloroprene, polyvinyl alcohol or partial acetalization products of polyvinyl alcohol, 
e.g., pdyvinylacetal, polyvinyl butyral, polyvinyl acetate, ethylene/virtyl acetate copolymer, and vinyl chloride/vinyl ace- 
tate copolymer, polymethylmethacrylate, or mixtures of the above polymers. 

[0060] The recorded hologram may be stabilized through monomer transfer by heating. To this end, the matrix pol- 
ymer preferably has a relatively low glass transition temperature and can facilitate the monomer transfer. 
[0061] The amount of the photopolymerizabl e compound used is generally 10 to 1 ,000 parts by weight, preferably 
10 to 100 parts by weight, based on 100 parts by weight of the matrix polymer. 

[0062] The amount of the photopolyrnerization initiator used is generally 1 to 10 parts by weight preferably 5 to 10 
parts by weight, based on 1 00 parts by weight of the matrix polymer. The amount of the sensitizing dye used is gener- 
ally 0.01 to 1 part by weight, preferably 0.01 to 0.5 part by weight, based on 100 parts by weight of the matrix polymer. 
[0063] Other photosensitive material components include various nonionic surfactants, cationtc surfactants, and 
anionic surfacta n ts. 

[0064] The holograrn-fecorcGng material is added to acetone, methyl ethyl ketone, methyl isobutyi ketone, cydohex- 
anone, benzene, toluene, xylene, chlorobenzene, tetrahydrofuran, methyl ceHosdve, ethyl ceflosotve, methyl cellosorve 
acetate, ethyl ceflosotve acetate, ethyl acetate, 1,4-dioxane, 1 ,2-dichloroethane, dichlorom ethane, chloroform, metha- 
nol, ethanol, isopropanrj, or a mixed solvent composed of the above solvents to prepare a coating liquid having a solid 
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content of 15 to 25% by weight The thickness of the hologram-recording layer is generally 0.1 to 50 urn, preferably 1 to 
20 jim. 

[0065] In order to realize easy and good transfer of the hologram-forming layer 4 formed of the hologram-forming 
material, the hologram-forming material (holograrrvforming layer) after curing should have a breaking strain of 0.5 to 
5 15% at 25°C and a breaking strain of 0.5 to 30% at 120°C. When the breaking strain is outside the above range, the 
transferability is unsatisfactory, making it cfiff icutt to transfer the hologram. The breaking strain is preferably 1 to 1 0% at 
25°Cand1 to 15%at 120°C. 

[0066] According to the present invention, when the hologram is a volume hologram, the hologram layer particularly 
preferably has a glass transition temperature of 10O°C or above. 
w [0067] Therefore, in order to bring the breaking strains to the above respective ranges, a hologram-forming material 
should be selected, and. for the selected hologram-forming material, proper curing conditions and the like should be 
previously determined by a preliminary test 

[0068] According to the present invention, the breaking strain at 25°C of the cured hologram-forming layer was 
measured with a serf-recording tester (Tensilon universal tester, manufactured by ORIEMTEC) at a tensile speed of 2 
is mrrvmin, and the breaking strain at 120°C of the cured hologram-forming layer was measured with a solid viscoelastic 
analyzer RSA-II (manufactured by rheometrics) at a tensOe speed of 3.5 x 10^/sec. 

[0069] Examples of materials usable for the heat-sensitive adhesive layer 5 include ethylene/vinyl acetate copoly- 
mer resins, polyamkJe resins, polyester resins, polyethylene resins, ethylene/isobutyl acrylate copolymer resins, butyral 
resins, polyvinyl acetate and vinyl acetate copolymer resins, cellulose resins, polymethyl methacrytate resins, polyvinyl 
20 ether resins, polyurethane resins, polycarbonate resins, polypropylene resins, epoxy resins, and phenolic resins, and 
thermoplastic resins, such as SBS. SIS, SEBS, and SEPS. 

[0070] The release layer 6 may be formed of. for example, one member or a mixture of two or members selected 
from poiymethacryGc ester resins, polyvinyl chloride resins, cellulose resins, silicone resins, chlorinated rubbers, 
casein, various surfactants, metal oxides and the like. In particular, the release layer is preferably formed using materi- 

25 als and the like which have been properly selected so that the peel force between the substrate fOm and the transfer 
layer is 1 to 5 gf/inch. (90-degree peel test). The release layer may be formed by providing an ink for the release layer 
and applying the ink onto the surface of a substrate f Dm by a conventional method such as coating. The thickness of the 
release layer is preferably in the range of 0.1 to 2 ^m from the viewpoints of peel force, transferability and the like. 
[0071 ] Regarding the reflective layer 7, when the reflective layer is formed of a metallic thin layer which reflects light, 

so the hologram is of an opaque type, while when the reflective layer is formed of a material which is transparent and has 
a refractive index different from the hologram layer, the hologram is of a transparent type. Both of these types may be 
used in the present invention. The reflective layer may be formed by any conventional method, such as sublimation, vac- 
uum deposition, sputtering, reactive sputtering, ion plating, or electroplating. 

[0072] Metallic thin layers for opaque holograms include, for example, thin layers formed by using, either alone or 
35 in combination with two or more, metals, such as chromium, titanium, iron, cobalt nickel, copper, silver, gold, germa- 
nium, aluminum, magnesium, antimony, lead, palladium, cadmium, bismuth, tin. selenium, indium, gallium, and rubid- 
ium, and oxides, nitrides and the like of these metals. Among the above metallic thin layers, thin layers of aluminum, 
chromium, nickel, silver, gold and the Eke are particularly preferred. The thickness of the thin layer is generally 1 to 
10,000 nm, preferably 20 to 200 nm 
40 [0073] The thin layer for transparent holograms may be made of any material so far as the material is transparent 
to light and can develop hologram effect. An example of this type of material is a transparent material having a refractive 
index different from that of the resin constituting the hologram-forming layer (photocured resin layer). In this case, the 
refractive index may be greater or smaller than that of the resin constituting the hologram-forming layer. The Difference 
of the refractive index is preferably not less than 0.1. more preferably not less than 0.5, optimally not less than 1.0. A 
45 metallic reflective layer having a thickness of not more than 20 nm is an example of reflective layers other than 
descrbed above. Preferred transparent reflective layers include layers of titanium oxide (TrCy, zinc sulfide (ZnS). Cu- 
Al composite metal oxide and the like. 

[0074] Fig. 4 is a diagram illustrating an embedment of a transfer process using the hologram transfer film accord- 
ing to the present invention, When the transfer is carried out using the hologram transfer f 1m according to the present 

so invention, as shown in Fig. 4, the hokxjam transfer film 1 of the present invention is put on the surface of an object 8, 
onto which a hologram is to be applied, in such a manner that the heat-sensitive adhesive layer 5 in the transfer film 
comes into contact with the object 8. The top (on the side of the substrate fflm 2) of the transfer film 1 in its portion, onto 
which a holopam is to be applied, is heated and pressed by means of a pressing plate 9 or the tike to melt and adhere 
the heat-sensitive adhesive layer in its desired portion. Thereafter, the transfer fflm is separated. Thus, the transfer layer 

55 in its desired portion only can be transferred to provide a hologram on the surface of the object 

[0075] In the present invention, a barrier layer (not shown) can be provided between the release layer and the holo- 
gram-forming layer. The barrier layer is effective to prevent migration of low molecular weight components from the 
hologram-forming layer to the release layer. Such migration may cause shift of a peak wavelength of the recorded holo- 
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gram to blue side. Further, such migration of low molecular weight components causes deterioration of the release 
layer. The barrier layer preferably comprises an ionizing radiation-curable resin. EB resins exemplified as suitable resins 
for a relief hologram can also be employed as resins for the barrier layer. 

[0076] Next, preferred embodiments of the process for producing a hologram transfer film according to the present 
5 invention wfll be described. 

[0077] Specifically, the production process of a hologram transfer film according to a preferred embodiment of the 
present invention comprises the steps ot providing a fflm having a hologram-forming layer and a film having a heat-sen- 
sitive adhesive layer in respective independent steps; and then laminating these films in combination according to appli- 
cations of the hologram. 

10 [0078] More specifically, the production process comprises the steps of: providing a first film having a hologram- 
forming layer, a second film having a heat-sensitive adhesive layer, and a third film having a release layer in respective 
independent steps; forming a hologram image in the hologram-forming layer in the first f im; and then laminating the 
second film and the third film onto the first film. In this case, the lamination of the first to third films may be carried out 
by the dry process. This is advantageous from the viewpoint of process because there is no need to use any solvent 

is [0079] Further, the production process of the present invention includes an embodiment wherein a film having a 
hologram-forming layer and a release layer and a f Dm having a heat-sensitive adhesive layer are provided in respective 
independent steps and an embodiment wherein a film having a hologram-forming layer and a heat-sensitive adhesive 
layer and a fflm having a release layer are provided in respective independent steps. 
[0080] The hologram-forming layer includes a volume hologram and a relief hologram. 

20 [0081 ] Further, the production process of the present invention includes an embodiment which comprises the steps 
of: recording a volume hologram in the hologram-forming layer in the first fflm; laminating the third film thereon; perform- 
ing development; and laminating the second f Dm onto the developed assembly. 

[0082] The first f im may have a construction comprising: a support f Dm of PET or the Eke; a hologram-forming layer 
provided on the support film; and a releasable PET provided on the hofopam-forming layer (PET/holog ram-forming 
25 layer/kreleasable PET). The second fflm may have a construction comprising: a releasable PET; a heat-sensitive adhe- 
sive layer provided on the releasable PET; and a releasable PET provided on the heat-sensitive adhesive layer (releas- 
able PET/heat-sensrtrve adhesive layer/releasable PET). The third film may have a construction comprising a support 
film, such as PET, having thereon a release layer (PET/release layer). 

[0083] Specific processes for producing a volume hologram type hologram transfer film using the first to third films 
30 will be descrfoed. 

[0084] At the outset, a predetermined hologram image is recorded (exposed) in the holo^am-forming layer in the 
first fflm Thereafter, the releasable PET is separated and removed. The third fflm is then laminated thereon so that the 
release layer in the third film faces the hologram layer in the first film. The assembly is then introduced into a develop- 
ment treatment line wherein predetermined heat treatment and UV treatment are carried out to develop a recorded 

35 image. Further, the support film laminated onto the hologram layer is separated and removed to expose the hologram- 
forming layer. The second film is laminated thereon with heating (for example, at 100 to 180°C) in such a manner that 
the heat-sensitive adhesive layer in the second film faces the hologram image, thereby providing a layer construction of 
releasable PET/heat-sensitive adhesive layer/hologram layer/release layer/PETf ilm (support fflm). The releasable PET 
may be then separated therefrom to provide a transfer film. 

40 [0085] The transfer f im may be transferred onto a predetermined object by the above method. The object, onto 
which the hologram is to be transferred, is not particularly limited, and examples thereof include plastic cards, portable 
telephones, notes or gold notes, daily necessities, and CD-ROM packages. 

[0086] The present invention also includes a method for controlling the interiaminar strength among the first to third 
films. 

45 [0087] Preferably, in the layer construction of the transfer film, the relative relationship among the interiaminar 
strength A between the release layer and the support film, the interiaminar strength B between the release layer and 
the hologram-forming layer, the interiaminar strength C between the hologram-forming layer and the heat-sensitive 
adhesive layer and the B value satisfy the following requirements: 

so Interiaminar stregnth: C s B > A 
B value: 600 gf/in. 

[0088] Further, according to a preferred embodiment of the present invention, the release layer consists of an 
acryfic resin having a molecular weight of about 20.000 to 100,000 alone or is formed of a co m po si tion composed of 
55 the acrylic resin, a vinyl chloride/vinyl acetate copolymer resin having a molecular weight of 8.000 to 20,000 According 
to a particularly preferred embocfiment, the release layer is formed of a composition comprising the above components 
and, in addition, 1 to 5% by weight of a polyester resin having a molecular weight of 1 ,000 to 5,000 as an additive. 
[0089] The heat-sensitive adhesive layer is particularly preferably formed of a composition which comprises an eth- 
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ylene/Vinyl acetate copolymer resin (EVA) having a vinyl acetate content of not less than 25% and is heat sealabie at 
180 °C or below. Further, according to a preferred embodiment of the present invention, the heat-sensitive adhesive 
layer has been colored. 

s Second aspect of the invention 

[0090] The second aspect of the invention will be described with reference to the following preferred embodiments. 
[0091] The photocurable resin composition according to the present invention is characterized by being used for 
forming a hologram or a diffraction grating on a substrate having a \bung's modulus at 1% elongation of not less than 

10 2,000 MPa at 25°C and a toung's modulus at 1% elongation of not less than 350 MPa at 120 °C, the photocurable resin 
composition providing a cured product of which the Mbung's modulus at 1% elongation at 25°C and the Mmng's modu- 
lus at 1% elongation at 120 °C are respectively lower than those of the substrata The use of this photocurable resin 
composition can provide holograms and diffraction gratings which have excellent conformabiDty to flexing or expan- 
sion/contraction of the substrate sheet and objects with holograms or diffraction gratings being applied thereon. 

15 [0092] Substrates usable in the present invention include about 10 to 100 ^m-thick plastic films which have hitherto 
been used as substrates for holograms or diffraction gratings so far as the above \bung's modulus requirements are 
satisfied. Representative examples thereof include polyethylene terephthalate (PET) films. 

[0093] In the photocurable resin composition accord ng to the present invention, the photocurable resin as a main 
component may be any photocurable resin so far as a photocurable resin composition using the photocurable resin sat- 
20 isfies the above requirements. 

[0094] Holograms may be classified into relief holograms and volume holograms. Photocurable resins usable in the 
formation of relief holograms and diffraction gratings include various resin materials, such as thermosetting resins, ther- 
moplastic resins, and ionizing radiation-curable resins. 

[0095] Thermosetting resins include, for example, unsaturated polyester resins, acryl -modified urethane resins, 
25 epoxy-modified acrylic resins, epoxy-modified unsaturated polyester resins, alkyd resins, and phenolic resins. Thermo- 
plastic resins include, for example, acrylic ester resins, acrytamide resins, nitrocellulose resins, and polystyrene resins. 
These resins may be homopolymers or copolymers of two or more components. Further, these resins may be used 
alone or in combination of two or mora Any suitable material may be selected from the following materials and com- 
pounded in these resins: various isocyanate compounds; metallic soaps, such as cobalt naphthenate and zinc naphth- 
30 enate; organic peroxides, such as benzoyl peroxide and methyl ethyl ketone peroxide; and heat or ultraviolet curing 
agents, such as benzophenone. acetophenone, anthraquinone, naphthoquinone, azobisisobutyronrtrile. and diphenyl 
sulfide. 

[0096] Ionizing radiation-curable resins include, for example, epoxy-mocfified acrylate resins, urethane-modif red 
acrylate resins, and acryi-modrfied polyesters. Among them, urethane-modified acrylate resins are particularly pre- 
ss f erred. Urethane-modified acrylic resins represented by the following formula are particularly preferred: 
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wherein five R^s each independently represent a hydrogen atom or a methyl group; R2 represents a - C 16 
hydrocarbon group; X and Y each represent a straight-chain or branched alkylene group; and. with the sum of a, b, c, 
and d being 100, a is an integer of 20 to 90. b is an integer of 0 to 50. c is an integer of 1 0 to 80, and d is an integer of 
0to20. 

[0097] A preferred example of the ur ethane-modified acrylic resins is an acrylic copolymer produced by copolym- 
erizing 20 to 90 moles of methyl methacrylate with 0 to 50 moles of methacrylic acid and 10 to 80 moles of 2-hydroxye- 
thyl methacrylate (the total amount of these monomers being 1 00 moles). In this copolymer, hydroxy! groups present in 
the copolymers have been reacted with methacrytoyloxyethyl isocyanate (2-isocyanate ethyl methacrylate). 
[0098] Therefore, the copolymer is not required to be in such a state that all the hydroxy! groups present in the 
copolymer have been reacted with the methacryloytaxyethyl isocyanate. More specifically, the copolymer may be in 
such a state that at least 10% by mole, preferably not less than 50% by mole, of the hydroxy! groups in 2-hydroxyethyl 
methacrylate units have been reacted with the methacryloyloxyethyl isocyanate. Hydroxyl -containing monomers, such 
as N-methylolaoylamide, N-methytolmethacrylamide, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydrox- 
ypropyl acrylate, 2-hydraxypropyl methacrylate. 4-hydroxybutyl acrylate, and 4-hydroxybutyl methacrylate, may be used 
instead of or in combination with the 2-hydroxyethyl methacrytata 

[0099] Thus, for example, when the formation of diffraction gratings and the like is contemplated, the resin compo- 
sition composed mainly of a ur ethane-modified acrylic resin with a large number of methacryloyl groups being intro- 
duced into the molecule through the utilization of hydraxyl groups present in a hydraxyl-containing acrylic resin enables 
ionizing racfiations, such as ultraviolet light and electron beams, to be used as curing means and. in addition, can form 
diffraction gratings and the like possessing excellent softness, heat resistance and other properties despite high 
crosslink density. 

[01 00] In the preparation of the urethane-mocfified acrylic resin, the copolymer may be dissolved in a solvent capa- 
ble of dissolving the copolymer, for example, toluene, ketone, celiosorve acetate, or dimethyl sulfoxide, to prepare a 
solution, to which methacryloyloxyethyl isocyanate is added drcpwise with stirring of the solution to react isocyanate 
groups with hydraxyl groups in the acrylic resin to form a urethane bond, thereby introducing methacryloyl groups into 
the resin through the urethane bond. In this case, the amount of methacryloyloxyethyl isocyanate used is such that the 
ratio of the isocyanate group to the hydroxy! group in the acrylic resin is 0. 1 to 5 moles, preferably 0.5 to 3 motes, of the 
isocyanate group per mole of the hydroxy! group. When the amount of methacryloyloxyethyl isocyanate used is one 
equivalent or more based on the amount of the hydroxyl group in the resin, there is a possfoifity that the methacryloy- 
loxyethyl isocyanate is also reacted with carbaxyl groups in the resin to create linkage of -CONH-Ch^ChV 
[0101] The above embodiment is such that in the above formula, all Rj's and F^'s represent a methyl group and X 
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and Y each represent an ethylene group. The present invention, however, is not limited to this embodiment Specifically, 
five Ri's each independently may represent a hydrogen atom or a methyl group. Further, specific examples of Ffe 
include methyl, ethyl, n- or iso-prcpyl, n-, iso-. or t-butyl. substituted or unsubstituted phenyl, and substituted or unsub- 
stituted benzyl groups. Specific examples of X and Y include ethylene, propylene, di ethylene, and dpropylene groups. 
5 The average molecular weight of the whole urethane-modffied acrylic resin, thus obtained, to be used in the present 
invention is preferably 10.000 to 200,000, more preferably 20,000 to 40,000, as measured by gel permeation chroma- 
tography (GPC) using polystyrene as a standard. 

[0102] A photocurable resin composition comprising the above urethane-modrfied acrylic resin as a main compo- 
nent of the film-forming component, which, together with a release agent has been dissolved in a suitable organic sol- 

w vent is used for the production of the relief holograms and diffraction cjatings according to the present invention. The 
organic solvent used may be any organic solvent which can dissolve the ur ethane-modified acrylic resin. When coata- 
bility and drying properties are taken into consideration, however, organic solvents usable herein include: aromatic sol- 
vents, such as toluene and xylene; ketone solvents, such as acetone, methyl ethyl ketone (MEK), methyl isobutyl 
ketone, and cyclohexanone; and ceflosolve organic solvents, such as methylcellosolve and ethylcellosofva In particu- 

is lar, a mixed solvent composed of these solvents is preferred. The solid concentration of the urethane- modified acryOc 
resin in the composition is not particularly limited In general, however, the soOd concentration is preferably about 1 to 
50% by weight 

[01 03] The photocurable resin composition according to the present invention contains, in addition to the urethane- 
modrfied acrylic resin, a release agent. Release agents usable herein include conventional release agents, for example, 
20 solid waxes, such as polyethylene wax, amide wax, and Teflon powder, surfactants, such as fluorine and phosphoric 
ester surfactants, and silicones. Particularly preferred release agents are modified silicones, and specific examples 
thereof include: 

1) silicone oils of side chain modification type; 
25 2) silicone oils of both ends modification type; 

3) silicone oils of one end modification type; 

4) silicone oils of side chain and both ends modification type; 

5) methytpotysQoxanes containing trimethytsiloxy-silicic acid (called "silicone resin"); 

6) silicon e-grafted acrylic resins; and 
30 7) methytphenyfsDicone oils. 

[0104] Modified silicone ofls are classified into reactive silicone oils and nonreactive silicone oils. Reactive silicone 
oils include amino-modffied, epoxy-modif ied, carbcocyl-modified. carbinol-modified, methacryl-modified, mercapto-mod- 
rfied, phenol-modified, and one-end reactive, and dissimilar functional group-modified silicone ofls. Nonreactive silicone 

35 oils include potyether-modified, methytetyryl-modifted, alkyl-mocfified, higher fatty acid ester-modified, hydrophilic 
group-modified, higher alkoocy-modified, higher fatty acid-modified, and fluorine-modified silicone oils. 
[0105] Among the above silicone oils, reactive silicone oils of the type having a group reactive with the film-forming 
component are reacted with the resin in the course of curing of the resin layer, and bonded to the resin, and, therefore, 
can impart unique properties without bleeding on the surface of the resin layer on which a concave-convex pattern 

40 formed thereon is formed later. They are particularly effective in improving the adhesion to a deposit layer formed in the 
step of vapor deposition. 

[01 06] According to the present invention, the photocurable resin composition (coating composition) of the present 
invention may be processed as follows. For example, the resin composition is coated onto a substrate, for example, a 
polyester film, to form a photocurable resin layer, various concave-convex patterns are imparted to the photocurable 
45 resin layer, the resin layer is then exposed to ultraviolet light or an electron beam to cure the resin layer, and a metal 
deposit or a layer having a different refractive index is laminated onto the surface of the formed concave-convex pattern 
to prepare a relief hologram or a Effraction grating. 

[01 07] Therefore, when the step of coating the composition onto the film (coating and drying) and the step of dupli- 
cating a hologram or the like are carried out separately from each other, the presence of tack on the surface of a layer 

so formed by coating unfavorably causes blocking at the time of direct winding of the film having this layer thereon into a 
roll. Use of a solvent system, which is localized on the surface side of the coating, at the time of coating and drying is 
effective in preventing the blocking. This is also effective in enhancing repetitive embossing properties at the time of 
duplication. Further, when the surface of the layer formed by coating is tacky, a method may be adopted wherein a 
release film is laminated onto the layer surface followed by winding of the fflm. When the step of coating the composition 

55 onto the film (coating and drying) and the step of duplicating a hologram or the like are carried out in a continuous proc- 
ess, the above constraints are relaxed. 

[0108] Accord ng to the present invention, incorporation of the release agent (particularly silicone) into the photo- 
curable resin composition, for example, when diffraction gratings and the like are prepared by embossing, improves the 
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separation between the press stamper of the diffraction grating and the photocured resin layer, prevents the contami- 
nation of the press stamper, and enables the press stamper to be continuously used for a long period of time (this capa- 
bility being referred to as "repetitive embossing properties"). The amount of the release agent used is generally about 
0.1 to 50 parts by weight preferably about 0.5 to 10 parts by weight, based on 100 parts by weight of the urethane- 

5 modified acrylic resin. When the amount of the release agent used is less than the lower limit of the above amount 
range, the separation between the press stamper and the photocured resin layer is unsatisfactory, making it difficult to 
prevent the contamination of the press stamper. On the other hand, when the amount of the release agent used 
exceeds the upper Omit of the above- amount range, surface roughening of a coating by cissing disadvantageous^ 
occurs at the time of coating of the composition. Further, in this case, in the product, problems unfavorably occur indud- 

10 ing a deterioration in the adhesion of the resin composition layer to the substrate per se and the adhesion of the resin 
composition layer to an adjacent layer, for example, a deposit layer, or the occurrence of breaking of the f im at the time 
of transfer (due to very weak film strength). 

[01 09] Further, in order to regulate the softness or crosslink density of the photocured resin layer obtained after cur- 
ing to bring the Young's modulus to the above values, the photocurable resin composition of the present invention pref- 

75 erabry contains a urethane acrytate. Urethane aorytates include, for example, a product of a reaction of an isocyanate- 
containing compound, such as 2,4-toryfene diisocyanate, with a (meth)acrytate having an organic group, such as 2- 
hydroxyethyt methacrylate, reactive with the isocyanate group, a compound, as described in Japanese Patent Laid- 
Open No. 19842/1991, prepared by reacting a dTisocyanate with a dbl having a hydroxy] group in its both ends to pre- 
pare a product having an isocyanate group in its both ends and reacting this product with the hydroxyl-corrtaining 

20 (meth)acrylate, and those as described in Japanese Patent Laid-Open No. 37193/1976. The urethane acryiate is used 
in an amount of 0 to 50 parts by weight, preferably 5 to 30 parts by weight, based on 100 parts by weight of the ure- 
thane-mocfif ied acrylic resin. 

[01 1 0] Further, in order to regulate the softness or crosslink density of the photocured resin layer obtained after cur- 
ing to bring the Young's modulus of the layer to the above modulus ranges, the photocurable resin composition of the 
25 present invention may contain a conventional thermoplastic resin or acrylic or other myofunctional or pdyfunctional 
monomer, oligomer and the like. 

[0111] Examples of monofunctional compounds usable herein include mono(meth)acrylates. such as tetrahydro- 
furfuryt (meth) acryiate, hydroxy ethyl (meth)acryiate, vinytpyrrolidone, (meth)acryloyloxyethyl succinate, (meth)acryloy- 
laxyethyl phthalate, and examples of brfunctional or higher functional compounds usable herein include, when classified 
30 according to skeleton structure, potyol (meth)acrylates (such as epoxy-modified polyol (meth)acrylate and lactone- 
modified polyol (methjacrytate), polyester (meth)acrylate, epaxy (meth)acrytate, urethane (methjacrytate, and other 
pory(meth)acryiates having polybutadiene, tsocyanuric acid, hydantoin, melamine, phosphoric acid, imide, phosp- 
hazene and other skeletons. That is, various ultraviolet- or electron beam-curable monomers, oligomers, and polymers 
are usable. 

35 [0112] More specifically, examples of brfunctiona] monomers and oligomers include polyethylene glycol 
di(meth)acrylate, polypropylene glycol di(meth)acrylate, neopentyl glycol di(meth)acrytate, and 1 ,6-hexanediol 
di(meth)acrylate; examples of trifunctional monomers, oligomers, and polymers include trimethytolpropane 
tri(meth)acrylate, pentaerythritol tri(meth)acrylate, and aliphatic tri(meth)acrylate; examples of tetrafunctional mono- 
mers and oligomers include pentaerythritol tetra(meth)acrylate, drtrimethyWpropane tetra(meth)acrylate, and aliphatic 

40 tetra(meth)acrylate; and examples of pentafunctional or higher monomers and oligomers include c£pentaerythritol 
penta(meth)aorylate, dipentaerythritol hexa(meth)acrylate and. in addition, (meth)acrytates having a polyester skele- 
ton, a urethane skeleton, and phosphazene skeleton. The number of functional groups is not particularly limited. How- 
ever, when the number of functional groups is less than 3. the heat resistance is likely to lower. On the other hand, when 
the number of functional groups is 20 or more, the softness is likely to lower. For this reason, in particular, the number 

45 of functional groups is preferably 3 to 20. 

[0113] The amount of the monomer or oligomer used is generally about 5 to 40 parts by weight, preferably about 
10 to 30 parts by weight, based on 100 parts by weight of the urethane-mocfified acrylic resin. When the amount of the 
monomer a oligomer used is less than the lower limit of the above amount range, the strength, heat resistance, scratch 
resistance, water resistance, and chemical resistance of the cured resin layer and the adhesion of the cured resin layer 

so to the substrate are unsatisfactory. On the other hand, when the amount of the monomer or oligomer used exceeds the 
upper limit of the above amount range, the tackiness of the surface is high. This unfavorably poses problems including 
that blocking is likely to occur and, at the time of duplication of holograms or the like, a part of the material is left on the 
plate (press stamper), resulting in lowered repetitive embossing properties. 

[01 1 4] According to the present invention, when the photocurable resin composition is cured by ultraviolet light the 
55 addition of a photosensrtizer to the photocurable composition is necessary. On the other hand, in the case of curing by 
electron beams, the addition of the photosensrtizer is not required. Photosensrtizer usable herein include various pho- 
tosensrtizers used in conventional ultraviolet-curable coating conposrtions, for example, benzoin compounds, such as 
benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether, a -methyl benzoin, and a -ph enyf benzoin; 
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anthraquinone compounds, such as anthraquinone and methylarrthraquinone; benzyl; cfiacetyt; phenyl ketone com- 
pounds, such as acetophenone and benzophenone; sulfide compounds, such as cfiphenyi disulfide and tetramethyf- 
thiuram sulfide; a -chloromethytnaphthalene; anthracene; and halogenated hydrocarbons, such as 
hexachlorobutadiene and pentachlorobutadiena The amount of the photosensrtizer used is preferably about 0.5 to 10 
5 parts by weight based on 1 00 parts by weight of the urethane-modrfied acrylic resin. 

[01 1 5] Accord ng to a preferred embodiment of the present invention, the photocurable resin composition is char- 
acterized by being used for forming a hologram or a diffraction grating on a substrate having a >bung's modulus at 1% 
elongation of 4,000 to 2,000 MPa at 25°C and a Young's modulus at 1% elongation of 1 ,000 to 350 MPa at 120 °C , the 
photocurable resin composition providing a cured product of which the Young's modulus at 1% elongation at 25°C and 

io the Young's modulus at 1% elongation at 120°C are 3,000 to 1,000 MPa and 500 to 100 MPa, respectively. 

[0116] For the substrate, when the Young's modulus at 1% elongation at 25 °C and the Young's modulus at 1% 
elongation at 120°C are less than 2,000 MPa and less than 350 MPa, respectively, that is, when the Young's modulus 
at 25°C and the Young's modulus at 120°C of the substrate are lower than the respective lower limits of the above 
Young's modulus ranges, disadvantageous^, the width of the substrate cannot be held in the step of fabrication. 

is [0117] Incorporation of a polymerization inhibitor into the photocurable resin composition of the present invention 
comprising the above components can improve the storage stability of the resin composition. Polymerization inhibitors 
usable herein include: phenols, such as hydroquinone, t-butylhydroqui none, catechol, and hydroquinone monomethyl 
ether; quinones, such as benzoquinone and cfiphenyfbenzoquinone; phenotfiazine; and copper compounds. Further, if 
necessary, accelerators, viscosity modifiers, surfactants, antrfoarrring agents, si lane coupling agents and other various 

20 assistants may be added to the resin composition. The addition of polymeric materials, such as styrene-butadiene rub- 
ber, is also possible. 

[01 1 8] Next, the production process of relief hologram and diffraction grating sheets using the above photocurable 
resin composition will be described. 

[0119] The photocurable resin composition is coated on or impregnated into a substrate, such as a metal plate, 
25 paper, or polyethylene terephthalate. The coated substrate is then dried at a temperature high enough to vaporize the 
organic solvent contained in the composition, for example, is guided to and dried in a heating furnace of 100 to 165°C 
for about 0. 1 to one rrin, to form a photocurable resin layer on the substrata 

[0120] The photocurable resin layer is then subjected to patterning (embossing) of a desired hologram relief, for 
example, by means of a press stamper, followed by application of ultraviolet light an electron beam or the like to photo- 
30 cure the resin layer. 

[0121] The hologram thus obtained is generally of transmission type. Therefore, a reflective layer should be pro- 
vided. The use of a metallic thin layer, which reflects light as the reflective layer provides an opaque hologram. On the 
other hand, the use of a layer of a material, which is transparent and has a refractive index different from that of the holo- 
gram layer, as the reflective layer provides a transparent hologram. Both of these types may be used in the present 
35 invention. The reflective layer may be formed by any conventional method, such as sublimation, vacuum deposition, 
sputtering, reactive sputtering, ion plating, or electroplating. 

[0122] Metallic thin layers for opaque holograms include, for example, thin layers formed by using, either alone or 
in combination with two or more, metals, such as chromium, titanium, iron, cobalt nickel, copper, silver, gold, germa- 
nium, aluminum, magnesium, antimony, lead, palladium, cadmium, bismuth, tin, selenium, indium, gallium, and rubid- 
40 ium, and oxides, nitrides and the like of these metals. Among the above metallic thin layers, thin layers of aluminum, 
chromium, nickel, silver, gold and the like are particularly preferred. The thickness of the thin layer is generally 1 to 
1 0,000 nm, preferably 20 to 200 nm 

[0123] The thin layer for transparent holograms may be made of any material so tar as the material is transparent 
to light and can develop hologram effect An example of this type of material is a transparent material having a refractive 

45 index different from that of the resin constituting the hologram-forming layer (photocured resin layer). In this case, the 
refractive index may be higher or lower than that of the resin constituting the hologram-forming layer. The difference of 
the refractive index, however, is preferably not less than 0.1, more preferably not less than 0.5, most preferably not less 
than 1.0. A metallic reflective layer having a thickness of not more than 20 nm is an example of reflective layers other 
than described above. Preferred transparent reflective layers include layers of titanium oxide (TiOg). zinc sulfide (ZnS), 

50 Cu-Al composite metal oxide and the like. 

[0124] More specifically, the embossing of the hologram pattern is carried out, for example, by a conventional 
method using a pair of emboss rolls consisting of a metallic roll, with a press stamper being mounted on the periphery 
thereof, and a paper roll, for example, at a temperature of 50 to 1 50°C and a pressure of 1 0 to 50 kg/cm 2 . Embossing 
on one side suffices for contemplated results. However, embossing on both sides is also possible. 

55 [0125] In embossing, the temperature setting of the emboss roll is import 

perature and a relatively high pressure is preferred from the viewpoint of faithful reproduction of the shape of embosses. 
On the other hand, embossing at a relatively low temperature and a relatively tew pressure is preferred from the view- 
point of preventing the deposition of the resin onto the emboss plate. Further, in consideration of effective heat capacity, 
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the carrying speed of the film for duplication is also important. Further, the selection of the release agent is also impor- 
tant in order to reduce the deposition of the resin composition onto the emboss roll. 
[0126] Next, an embodiment wiO be described wherein the hologram is a volume hologram. 
[01 27] When the hologranvforming layer is a volume hologram-forming layer, the volume hologram may be formed 
by coating a volume hologram-forming material on a support fflm and recording interference fringes, corresponding to 
a wave front of light from an object, in the form of transmittance modulation or refractive index modulation within the 
hologram-forming layer. Further, duplication can be easily carried out by intimately contacting an original plate for a vol- 
ume hologram with the hologram-forming layer and then conducting exposure and development. 
[0128] Volume hologram layer-forming materials usable herein include all conventional volume hologram-recording 
materials, such as silver salt materials, bichromated gelatin emulsions, photopotymerizable resins, and photoaossi ink- 
able resins. A photosensitive material, for dry volume phase hologram recording applications, comprising a matrix pol- 
ymer, a photopolymerizable compound, a photopolymerization initiator, and a sensitizing dye is particularly preferred. 
[0129] Photopolymerizable compounds include photopolymerizable, photocrosslinkable monomers, oligomers, 
and prepolymers having at least one ethyienicaDy unsaturated bond per molecule which will be described later, and 
mixtures of the above compounds, for example, unsaturated carbaxyfic acids and salts thereof, esters of unsaturated 
carboxylic acids with aliphatic polyhydric alcohol compounds, and compounds in which unsaturated carboxylic acids 
are finked to aliphatic polyamine compounds by an amide finkaga 

[0130] Specific examples of monomers of unsaturated carboxylic acids include acrylic acid, methacrylic acid, (la- 
conic acid, crotonic acid, isocrotonic acid, maleic acid, and halogen-substituted unsaturated carbaxyfic acids, for exam- 
ple, chlorinated unsaturated carboxylic acids, brominated unsaturated carboxylic acids, and f luorinated unsaturated 
carboxylic acids. Salts of unsaturated carboxylic acids include sodium and potassium salts of the above acids. 
[0131] Regarding specific examples of monomers of esters of aliphatic polyhydric alcohol compounds with unsatu- 
rated carboxylic acids, acrylic esters include ethylene glycol diacrylate, tri ethylene glycol diacrylate, 1 ,3-butanecfiol cfia- 
crylate, tetramethylene glycol cfiacrylate, propylene glycol diacrylate, neopentyt glycol diacrylate, trimethylotpropane 
triacrytate, trimethylotpropane tri(acrytoytoxypropyf) ether, trimetrtytolethane triacrytate, hexanedio! cfiacrylate, 1,4- 
cydohexanecfiol diacrylate, tetraethylene glycol diacrylate, pentaerythritoi diacrylate, pentaerythritol triacrytate, pen- 
taerythritol tetraacrylate, dipentaerythritol ciacrytate, dipentaerythritol triacrytate, cfipentaerythrrtol tetraacrylate, dipen- 
taerythritol hexaacrylate, sorbitol triacryiate, sorbitol tetraacrylate, sorbitol pentaacrylate, sorbitol hexaacrylate, 
tri(acryloylQxyethyf) isocyanurate, polyester acrylate oligomer, 2-phenaxyethyl acrylate, 2-phenoxyethyl methacrylate, 
phenol ethoxyiate monoacryiate, 2-(p-chlorophenaxy) ethyl acrylate, p-chJorophenyl acrylate, phenyl acrylate. 2 -phe- 
nyl ethyl acrylate, (2-acryloxyethyl) ether of bisphenol A, ethoxylated bispheno! A diacrylate, 2-(1 -naphthyloxy) ethyl acr- 
ylate, o-biphertyl methacrylate, and o-biphenyi acrylate. 

[0132] Methacrylic esters include tetramethylene glycol cfi methacrylate, triethylene glycol d methacrylate, neo- 
perrtyl glycol cfi methacrylate, trim ethyl olpropane tri methacrylate, trimethylol ethane trimethacrytate, ethylene glycol 
dimethacrytate, 1 ,3-butanediol di methacrylate, hexanediol dimethacrytate, pentaerythritol cfi methacrylate, pentaeryth- 
ritol trimethacrytate, pentaerythritol tetramethacrytate, dipentaerythritol dimethacrytate. dipentaerythritol hexamethacr- 
ytate, sorbitol trimethacrytate, sorbitol tetramethacrylate, bis-0>{3-methacryloxy-2- 
hydroxyprcxx3xy)phenyl]dimeth^ bis-[p-(acry1axyethoxy)phenyi]dimetr^ 2,2-bts(4-methacryloyioxy- 

phenyQpropane, and 2-naphthyl methacrylate. 

[0133] Itaconic esters include ethylene glycol diitaconate, propylene glycol diitaconate, 1 ,3-butanecfiol diitaconate, 
1,4-butanediol diitaconate, tetramethylene glycol diitaconate, pentaerythritol diitaconate, and sorbitol tetrartaconata 
[01 34] Crotonic esters include ethylene glycol dTcrotonate, tetramethylene glycol dicrotonate, pentaerythritol dicro- 
tonate, and sorbitol tetracrotonate. 

[0135] bocrotonic esters include ethylene glycol dflsocrotonate, pentaerythritol diisocrotonate, and sorbitol tetrai- 
socrotonate. 

[0136] Maleic esters include ethylene glycol dimaleate, triethylene glycol dimaleate, pentaerythritol dimaleate, and 
sorbitol tetramaleate. 

[0137] Halogenated unsaturated carbaxyfic acids usable herein include 2,2,3,3-tetrafluoropropyi acrylate, 
1H,1H,2H,2H-heptadecafluorodecy1 acrylate. 2 ,2 , 3 ,3-tetraf luoropropyl methacrylate, 1H,1H,2H,2H-heptadecafluoro- 
decyi methacrylate. 2,4,6-tribromophenyl methacrylate, dtorornoneopentyl dimethacrytate (NK Ester DBN, manufac- 
tured by Shin-Nakamura Chemical Co., Lid.), dibrornopropyl acrylate (NK Ester A-DBP, manufactured by Shin- 
Nakamura Chemical Co., Ltd.), dibrornopropyl methacrylate (NK Ester DBP, manufactured by Shin-Nakamura Chemi- 
cal Co., Ltd.), methacrylic acid chloride, 2,4,6-trichlorophenyl methacrylate, p-chlorostyrene, methyl 2-chJoroacrylate, 
ethyl 2-chloroacrylate, rvbutyl-2-chkxoacrytate, trftxomophenol acrylate, and tetrabromophenol acrylate. 
[01 38] Specific examples of monomers of compounds, in which unsaturated carboxylic acids are linked to aliphatic 
polyamine compounds by an amide linkage, include metriylenebisacrylamide, methylenebismethac^-amide, 1,6-hex- 
amethylenebisacrylamide, 1,6-hexamethytenebisrnethacrylamide, diethylenetri amine trisacrytarrdde, xytyienebisacry- 
I amide, xylylenebismerJiaoyfamide, N-phenytmethacrylamide, and diacetoneacxylarrode. 
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[0139] Other examples include polyisocyanate compounds having two or more isocyanate groups per molecule 
descrbed in Japanese Patent Publication No 41708/1973 and vinyl urethane compounds having two or more polym- 
erizable vinyl groups per molecule with a hycferoxyl -containing vinyl monomer represented by formula (1) being added 
thereto. 



o 

II 

CHo =CC0CH 2 CH0H / 1 \ 

II 1 ' 

R FT 



wherein R and R* each independently represent a hydrogen or a methyl group. 

[0140] Urethane acrytates described in Japanese Patent Laid-Open Na 37193/1976 and polyester acrylates and 
polyfunctional acrylates and methacrytates, prepared from epoxy resin and (meth)acrytic acid or the like, described in 
Japanese Patent Laid-Open No. 64183/1973 and Japanese Patent Publication Nos. 43191/1974 and 30490/1977 may 
also be used. 

[0141 ] Further, compounds introduced as photocurable monomers and oligomers in Journal of the Adhesion Soci- 
ety of Japan, Vol. 20, No. 7, 300-308 (1 984) may also be used. 

[0142] Regarding other examples, phosphorus-containing monomers include: mono(2-acryloyiaxyethyl) acid phos- 
phate (Light Ester PA, manufactured by Kyoeisha Chemical Co., Ltd.) and mono(2-methacrytoyloxyethyl) add phos- 
phate (Light Ester PM, manufactured by Kyoeisha Chemical Co., Ltd.); and epoxy acrylate monomers (Rjpoxy VR-60, 
manufactured by Showa High Polymer Co., Ltd.; and Ripaxy VR-90, manufactured by Showa High Polymer Co., Ltd.). 
[0143] Further, NK Ester M-230G manufactured by Shin-Nakamura Chemical Co., Ltd. and NK Ester 23Q manu- 
factured by Shin-Nakamura Chemical Co., Ltd. are usable. 

[0144] Further examples of monomers include: triacrylates represented by formulae (2) and (3): 



CH^HCOCXJHaCHj^ 

(2) 



I o 

CH2CH2COOCH=CH2 



(Aronix M-315, manufactured by Toa Gosei Chemical Industry Co., Ltd.) 



CH^CHCOOCHaCH^ 

CHaCHgOfCKygOCOCH^CHa 



(Aronix M-325, manufactured by Toa Gosei Chemical Industry Co., Ltd.); 2, 2'4)is(4-acryloxy^ethoxyphenyl)propane 
(NK Ester A-BPE-4, manufactured by Shin-Nakamura Chemical Co., Ltd.); and tetramethylolmethane tetraacrytate (NK 
ester A-TMMT manufactured by Shin-Nakamura Chemical Ca, Ltd.). 

[0145] Examples of plasticizers, which may be optionally added, include: poJyhydric alcohols, such as ethylene gly- 
col, diethyl ene glycol, tri ethylene glycol, glycerin, and trimethytolpropane; phthal'rc ester plasticizers, such as dimethyl 
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phthalate (DMP). diethyl phthalate (DEP), dfoutyl phthalate (DBP), heptyfnonyi phthaJate (HNP), di-2-ethylhexyl phtha- 
late (DOP), di-n-octyl phthalate (DNOP), di-Hoctyl phthalate (DCapP), (79 alkyl) phthalate (D79P), dM^decyl phthalate 
(DIDP), ditridecyl phthalate (DTDP), dicydohexyl phthalate (DCHP), butylbenzyl phthalate (BDP), ethylphthalyiethyi 
glycofcrte (EPEG). and butylphthalyftxjtyl glycolate (BPBG); aliphatic dfoasic acid ester plastkazers, such as di-2-ethyl- 
hexyl acfpate (DOA), di-(methylcydohexyl) adipate, diisodecyt adipate (DIDA), di-n-hexyl azelate (DNHZ), di-2-ethyl- 
hexyt azelate (DOZ), di butyl sebacate (DBS), and di-2-ethylhexyl sebacate (DOS); citric ester plasticizers, such as 
triettryl citrate (TEC), tributyt citrate (TBC), tri ethyl acetylcrtrate (ATEC). and trtoutyl acetylcrtrate (ATBC); epoxy plasti- 
cizers, such as epoxidized soybean oD; and phosphoric ester piastidzers, such as tributyl phosphate (TBP), triphenyl 
phosphate (TPP), tricresyl phosphate (TCP), and tripropyiene glycol phosphate. 

[0146] Regarding initiator systems, photopolymerization initiators indude, for exarrple, 1,3-di(t-butyWiaxycartx>- 
nyl)benzophenone, 3,3\4.4'-tetrakis{t-butytdiox^ N-phenylglydne, 2,4,6-tris(trichloromethyl)- 

s-triazine, 3-phenyl-5HSGxazolone, 2-mercaptobenzimidazde, and dimers of imidazole. Preferably, the photopdymeri- 
zation initiator is decomposed after recording of the hologram from the viewpoint of stabilizing the recorded hologram. 
An organic peroxide system is preferred because it can be easOy decomposed upon uftravidet irradiation. 
[0147] Examples of sensitizing dyes indude dyes having absorption of light at 330 to 600 nm, such as thiopyrilium 
salt, merocyanine, quinoline, styrytquinoline, ketocoumarin, thioxanthene, xanthene, oxonol, cyan in e, rhodamine, thi- 
opyrilium salt pyrOium ion, and diphenyliodonium ion dyes. Sensitizing dyes having absorption of light in a wavelength 
region of not more than 350 nm or not less than 600 nm may also be used. 

[0148] Matrix polymers usable herein indude polymethacryf ic esters or partial hydroryzates thereof, polyvinyl ace- 
tate or hydroryzates thereof, polyvinyl alcohol or partial acetalization products thereof, triacetyicdtulose, polyisoprene, 
polybutadiene. polychloroprene. silicone rubber, polystyrene, polyvinyl butyral, polychloroprene, polyvinyl chloride, 
chlorinated polyethylene, chlorinated polypropylene, pdy-N-vinytearbazde or derivatives thereof. pory-N-vinytpyrro- 
IkJone or derivatives thereof, copolymer of styrene with maleic anhydride or semi-esters thereof, and copolymers using, 
as a comonomer, at least one monomer selected from copolymerizable monomers, such as acrylic acid, acrylic esters, 
methacryfic acid, methacryfic esters, acrylamide, acrylonrtrile, ethylene, propylene, vinyl chloride, and vinyl acetate, and 
mixtures of the above polymers. Preferred are polyisoprene, polybutadiene, polychloroprene, polyvinyl alcohol or partial 
acetalization products of polyvinyl alcohol, eg., polyvinyl acetal, polyvinyl butyral. polyvinyl acetate, ethyl ene/vinyl ace- 
tate copdymer. and vinyl chtoride/vinyi acetate copolymer, or mixtures of the above polymers. 
[0149] The recorded hologram may be stabilized through monomer transfer by heating. To this end, the matrix pol- 
ymer preferably has a relatively lew glass transition temperature and can facilitate the monomer transfer. 
[0150] The amount of the photopolymerizable compound used is generally 10 to 1 .000 parts by weight, preferably 
10 to 100 parts by weight, based on 100 parts by weight of the matrix polymer. 

[0151 ] The amount of the photopdymerization initiator used is generally 1 to 10 parts by weight, preferably 5 to 10 
parts by weight, based on 1 00 parts by weight of the matrix polymer. The amount of the sensitizing dye used is gener- 
ally 0.01 to1 part by weight, preferably 0.01 to 0.5 part by weight, based on 1 00 parts by weight of the matrix polymer. 
[0152] Other photosensitive material components indude various nonionic surfactants, cationic surfactants, and 
anionic surfa ctan ts. 

[0153] The hologram-recording material is added to acetone, methyl ethyl ketone, methyl isobutyl ketone, cydohex- 
anone, benzene, toluene, xylene, chlorobenzene, tetrahydrofuran, methyl cellosdve. ethyl ceOosolve, methyl ceJIosotve 
acetate, ethyl ceflosolve acetate, ethyl acetate, 1,4-dioxane. 1,2-dichloroethane, dichlorom ethane, chloroform, metha- 
nol, ethanol, isopropanoi, or a mixed solvent composed of the above solvents to prepare a coating liquid having a solid 
content of 15 to 25% by weight The thickness of the hologram-recording layer is generally 0.1 to 50 pm, preferably 1 to 
20 nm. 

[0154] Examples of lights usable for curing the photocurade resin composition according to the present invention 
include high-energy ionizing radiations and ultraviolet light. Sources of high-energy ionizing radiations include acceler- 
ators, for example, a Cockcroft accelerator, a van de Graaff accelerator, a linear accelerator, betatron, and cyclotron. 
Electron beams accelerated by these accelerators are industrially most convenient and cost effective. In addition, radi- 
ations emitted from radioisotopes, nudear reactor and the like, such as rray, X-ray, a-ray, neutron, and proton may also 
be used. Uftravidet light sources indude, for example, uftravidet fluorescent lamps, low-pressure mercury lamps, high- 
pressure mercury lamps, ultrahigh -pressure mercury lamps, xenon lamps, carbon arc lamps, and sunlamps. 
[0155] HologBms and diffraction grating sheets according to the present invention thus obtained may be generally 
used for the enhancement of the design effect or the prevention of the forgery of credit cards, bank cards and the like, 
decoration of the cover of books and CDs and other purposes. 

[01 56] As described above, the photocurabe resin composition accorcfing to the present invention is characterized 
by being used for forming a hologram or a diffraction grating on a substrate having a Young's modulus at 1% elongation 
of not less than 2,000 MPa at 25°C and a Nbung's modulus at 1% elongation of not less than 350 MPa at 120°C, the 
photocurable resin composition providing a cured product of which the Young's modulus at 1% elongation at 25°C and 
the Young's modulus at 1% elongation at 1 20°C are respectively lower than those of the substrata 
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[0157] According to the present invention, the use of this photocuraWe resin composition can provide holograms 
and diffraction gratings which have excellent conformabilrty to flexing or expansion/contraction of the substrate sheet 
and objects with holograms or diffraction gratings being applied thereon. 

[0158] Suitable applications of the hologram and diffraction grating sheets according to the present invention 
5 include forgery-preventive sheets wherein the hologram or diffraction grating has been infused therein as watermarks 
in the form of a lustrous thread. Since the hologram and diffraction grating sheets according to the present invention 
have excellent conformabilrty to flexing or expansion/contraction of objects, it is easy to produce sheets into which the 
hologram or diffraction grating sheet has been infused therein as watermarks in the form of a lustrous thread At the 
same time, in use of the forgery-preventive sheet the lustrous thread is confor ma ble to the deformation of the sheet. 
w Therefore, there is no fear of the lustrous thread being separated from the base sheet The infusion of the lustrous 
thread as watermarks into the base sheet can be made by the conventional method. 

[01 59] In the forgery-preventive sheet according to the present invention, the lustrous thread may be infused by any 
form. Examples of forms include one, as disclosed in Japanese Patent Laid-Open No 71 759/1998. wherein on one side 
of a base sheet are provided exposed portions with an lustrous thread being intermittently exposed and a cover portion 
is provided between the exposed portions to intermittently cover the lustrous thread, and one, as disclosed in Registered 
Utility Model No. 3028886, wherein a lustrous thread is exposed on a window opening having watermarks of letters or 
images on the surface of the sheet. The forgery-preventive sheet according to the present invention may be used in gift 
certificates, railway or railroad tickets, commuter passes and the like. 

[01 60] The present invention will be described in more detail with reference to the following examples and compar- 
20 ative examples. 

[01 61 ] For the cured hologram layer according to the present invention, the breaking strain was determined by self- 
recording a stress-strain curve (S-S curve) by means of the following measuring equipment and determining the break- 
ing strain from the curve. 

25 [Specimen] 

[01 62] A hoto^am-forming material to be measured was coated Onto a substrate film After curing, the cured mate- 
rial was separated from the substrate film, and then cut into a film specimen having a size of 5 to 1 0 mm in width and 
20 to 50 mm in length. The thickness of the specimen is preferably 20 to 1 00 urn from the viewpoint of handleabifity. In 
30 the formation of the film specimen, previous treatment of the substrate f flm in its surface for rendering the surface easily 
releasaUe permits the cured hologram-forming layer to be easily separated from the substrate film. 

(1) 25°C 

35 • Measuring equipment Tensilon universal tester RTA-100 (manufactured by OR1ENTEC) 
Tensile speed: 2 mm/min 

(2) 120°C 

40 • Measuring equipment Solid viscoelastic analyzer RSA-II (manufactured by Rheometrics) 

• Measuring fixture (attachment): For pulling of film 

• Measuring mode: Strain rate sweep 

• Tensile speed: 3.5 x 1 0^/sec 

45 Production Example A1 

[01 63] Production examples of the ionizing radiation-curable urethane-modified acrylic resin useful as a material for 
a relief hologram will be described. 

[0164] A 2-liter four-necked flask equipped with a condenser, a dropping funnel, and a thermometer was charged 
so with 40 g of toluene and 40 g of methyl ethyl ketone (MEK) together with an azo initiator. A reaction was allowed to pro- 
ceed at a temperature of 100 to 1 10°C for 8 hr while dropwise adding a mixed solution composed of 22.4 g of 2-hydrox- 
y ethyl methacrylate (HEMA), 70.0 g of methyl methacrytate (MMA), 20 g of toluene, and 20 g of MEK through the 
dropping funnel over a period of about 2 hr. The system was then cooled to room temperature. 
[0165] A mixed solution composed of 27.8 g of 2-isocyanatoethyl methacrylate (Karenz MO I, manufactured by 
55 Showa Dento K. K.), 20 g of toluene, and 20 g of methyl ethyl ketone (MEK) was added to the reaction mixture. An addi- 
tion reaction was carried out in the presence of cfibutyttin laurate as a catalyst Upon confirmation of the disappearance 
of an absorption peak derived from an isocyanate group at 2200 cm' 1 by IR analysis of the reaction product, the reac- 
tion was terminated. 
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[0166] The resin solution thus obtained had a soGd content of 41.0%, a viscosity of 130 mPa - sec (30°C), a molec- 
ular weight of 35,000 as measured by gel permeation chromatography (GPC) using polystyrene as a standard, and an 
average amount of C=C bond introduced per molecule of 13.8% by mole. 

5 Example A1 

(Where the hologram-forming layer is a surface relief hologram layer) 



10 



[0167] The following photocurable resin composition was prepared using the resin solution prepared above, and 
used as a material for a surface relief hologram. 



15 



20 



Resin solution prepared in Production Example A1 (on solid basis) 

Release agent (trim ethyisi loxysil \ac acid-containing methytpolysilaxane: KF-7312, manufactured by 
The Shin-Etsu Chemical Co.. Lftd) 

Polyfunctional monomer (SR-399, manufactured by Sartomer) 

Polyester acrylate (M-6100, manufactured by Toa Gosei Chemical Industry Co., Ltd.) 

Photosensrtizer (Irgacure 907, manufactured by Ciba Specialty Chemicals, K.K.) 



100 pts,wt 
1 pt.wt 

10 pts.wt 
10 ptawt 
5pts.wt 



25 



30 



35 



40 



45 



50 



[0168] A mixture of the above ing-edients was diluted with MEK to adjust the solid content of the composition to 
50%. 

[0169] A release layer (HAKURI-NISU 45-3, manufactured by Showa Ink Ind. Co.. Ltd.) was gravure coated at a 
speed of 20 m/m'n on a 25-jim polyethylene terephthalate film (PET; Lumirror T60, manufactured by Toray Industries, 
Inc.), and dried at 100 °C to vaporize the solvent to prepare a film having a layer construction of release layer (coverage 
1 g/m 2 on a dry film basis)/PET. 

[0170] The photocurable resin composition of the present invention was roll coated on the film having a layer con- 
struction of release layer/PET in its release lay©*. The coating was dried at 100°C to vaporize the solvent to prepare a 
photosensitive film for duplication at a coverage of 2 g/m 2 on a dry fim basis. The film thus obtained was not tacky at 
room temperature, and could be stored in a roll form. 

[01 71 ] Separately, a f Dm was formed using the photocurable resin composition, and then cured. The breaking strain 
was measured on the cured film and found to be 5% at 25°C and 1 0% at 1 20°C. The S-S curve is shown in Fig. 5. 
[0172] A duplicator was provided which had an emboss roller equipped with a press stamper which had been pre- 
pared continuously from a master hologam prepared using a laser beam. Alternatively, a duplicated hologram may be 
prepared in a resin plate from a master hologram and applied onto a cylinder. The photosensitive fflms for duplication 
prepared above were set on the sheet feed side, followed by heat pressing at 150 °C to form fine concave-convex pat- 
terns. Subsequently, ultraviolet light was applied from a mercury lamp to perform photocuring. An aluminum layer was 
then vapor deposited thereon by vacuum deposition to prepare a reflection type relief hologram. A heat-sensitive adhe- 
sive layer [HS-ASV (manufactured by The Inctec Inc.) 10 parts/ HS-31 (manufactured by WASHIN CHEMICAL INDUS- 
TRY CO., LTD.) 3 parts] was gravure coated on the surface thereof, and the coating was dried at 100°C to vaporize the 
solvent to prepare an adhesive layer at a coverage of 1 g/m 2 on a dry film basis. 

[0173] The transfer foil thus obtained was heated from the substrate film side at 130°C and pressed by means of a 
specific mold to transfer the hologram onto a vinyl chloride card. As a result, the transferability of the hologram was 
good. 

Example A2 

(Where hologram-forming layer is a volume hologram-forming layer) 

[01 74] A photocurable resin composition containing a polymethyl methacrylate resin having a glass transition point 
around 100 °C as a basic binder was used as a material for a volume hologram. The photocurable resin composition 
for a volume hologram was mixed with the following solvent to prepare a coating composition. 



55 



Photocurable resin composition for volume hologram 



60 pts.wt 
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(continued) 



Methyl ethyl ketone (MEK) 
Toluene 



25pts.wt 
15pts.wt 



[01 75] The coating composition was gravure coated at a coverage of 3 g/m 2 on a dry film basis onto a 50-um PET 
f Dm (Myler 200 D, manufactured by E. I. du Pont de Nemours & Co.). Further, a 50-um PET f 9m was laminated onto the 
coated surface to prepare a film for a volume hologram. Further, a cured film was prepared from the photocurable resin 
composition for a volume hologram separately from the following step. The breaking strain was measured on the cured 
io fnmandfoundtobe6%at25°Cand13%at120°C. 

[01 76] The PET fflm on one side of the f flm for a volume hologram was removed, and the film for a volume hologram 
was laminated onto an original plate for a volume hologram, which had been previously provided, so that the photocur- 
able resin composition-coated surface faced the original plate. An argon laser beam having a wavelength of 514 nm 
was applied through the film for a hologram to obtain a volume hologram. 
is [0177] A release layer (HAKURI-NISU 45-3, manufactured by Showa Ink Ind. Co., Ltd.) was gravure coated at a 
speed of 20 m/rrtin on a 25- um PET fflm (Lumirror T60, manufactured by Toray Industries, Inc.), and dried at 100°C to 
vaporize the solvent to prepare a film having a layer construction of release layer (coverage 1 g/m 2 on a dry fflm 
basis)/PET. 

[01 78] The volume hologram was separated from the original plate, and laminated on the release layer to form a 
20 layer construction of PET/release layer/volume hologram layer/PET which was then heat treated and irradiated with 
ultraviolet light. 

[01 79] PET in contact with the volume hologram layer was separated from the above construction, and a heat-sen- 
sitive adhesive (AQUATEX EC-1 700. manufactured by Chuo Rika Kogyo Corporation) was gravure coated at a cover- 
age of 2 g/m? on a dry basis onto the volume hologram layer to prepare a volume nomogram transfer foil having a layer 
25 construction of PET/release layer/volume hologram layer/heat-sensitive adhesive layer. The transfer foil thus obtained 
was heated from the substrate film side at 1 30°C and pressed by means of a specific mold to transfer the hologram onto 
a vinyl chloride card. As a result, the transferability of the hologram was good. 

Example A3 

30 (Where hologram-forming layer is a volume hologram-forming layer) 

[0180] A photocurable resin composition containing a polymethyl methacryiate resin having a glass transition point 
around 1 00 °C as a basic binder was used as a material for a volume hologram. 

[0181] The photocurable resin composition for a volume hologram was mixed with the following solvent to prepare 
35 a coating composition. 



Photocurable resin composition for volume hologram 


60 pts.wt 


Methyl ethyl ketone (MEK) 


25 pts.wt 


Toluene 


15 pts.wt 



45 [0182] The coating composition was gravure coated at a coverage of 3 g/m 2 on a dry film basis onto a 50-um PET 
film (Myler 200 D, manufactured by E. I. du Pont de Nemours & Co.) Further, a 50-um PET fflm was laminated onto the 
coated surface to prepare a film for a volume hologram. Further, a cured film was prepared from the photocurable resin 
composition for a volume hologram separately from the following step. The breaking strain was measured on the cured 
fflm and found to be 6% at 25°C and 13% at 120*C. 

so [0183] The PET fflm on one side of the fflm for a volume hologram was removed, and the film for a volume hologram 
was laminated onto an original plate for a volume hologram, which had been previously provided, so that the photocur- 
able resin composition-coated surface faced the original plate. An argon laser beam having a wavelength of 514 nm 
was applied through the film for a hologram to obtain a volume hologram. 

[0184] A release layer (HAKURI-NISU 45-3, manufactured by Showa Ink Ind. Co., Ltd.) was gravure coated at a 
55 speed of 20 m/min on a 25- um PET fflm (Lumirror T60, manufactured by Toray Industries, Inc.), and dried at 100°C to 
vaporize the solvent to prepare a film having a layer construction of release layer (coverage 1 g/m 2 on a dry film 
basisyPFT. 

[0185] The volume hologram was separated from the original plate, and laminated on the release layer to form a 
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layer construction of PET/release layer/volume hologram layer/PET which was then heat treated and irratiated with 
ultraviolet fight. 

[0186] A heat-sensitive adhesive (AD-1790-15, manufactured by Toyo Morton Ltd.) was gravure coated at a cover- 
age of 3 g/m 2 on a dry basis onto a reieasabie PET (SP-PET-O3-50BU, manufactured by Tocello Co., Ltd.) to form a 

5 heat-sensitive adhesive layer. PET in contact with the volume hologram layer was separated from the layer construction 
of PET/release layer/votume hologram layer/PET, and the heat-sensitive adhesive layer was laminated at 140°C onto 
the volume hologram layer to provide a layer construction of PET/release layer/volume hologram layer/heat-sensrtJve 
adhesive layer/releasaWe PET. The reieasabie PET was then removed to prepare a contemplated volume hologram 
transfer foil. The transfer foil thus obtained was heated from the substrate film side at 1 30°C and pressed by means of 

10 a specific mold to transfer the hologram onto a vinyl chloride card. As a result, the transferability of the holopam was 
good. 

Comparative Example A1 

is [0187] The formation and transfer of a surface relief hologram were carried out in the same manner as in Example 
A1, except that urethane acrylate (Shiko UV-3000B, manufactured by Nippon Synthetic Chemical Industry Co., Ltd.) 
was used instead of polyester acrylate in the material for a surface relief hologram. 

[0188] The breaking strain after photocuring of a material film for a surface relief hologram formed for the measure- 
ment of the breaking strain was 35% at 25°C and 18% at 120°C. In the step of transferring the hologram using the holo- 
20 gram-forming material, the transferability of the hologram was poor. Specif ically, burrs occurred, and the hologram could 
not be accurately transferred onto an object. 



25 [0189] The formation and transfer of a hologram were earned out in the same manner as in Example A2. except 
that a vinyl acetate resin having a glass transition point around 40 °C as a basic binder was used in the material for a 
volume hologram. The breaking strain after photocuring of a material fflm for a volume hologram formed for the meas- 
urement of the breaking strain was not less than 20% at 25 °C , and was immeasurable at 120 °C because the film had 
gone slack upon the mounting of the film onto the measuring equipment. Further, in the step of transferring the holo- 

30 gram using the hdogram-forming material, the transferability of the hologram was poor. Specifically, burrs occurred, and 
the hologam could not be accurately transferred onto an object 

[0190] As is apparent from the above examples and comparative examples, according to the present invention, the 
hologram-forming material has good transferability, and a surface relief hologram and a volume hologram can be easily 
and accurately transferred onto objects. 
35 [01 91 ] Next, the present invention will be descrfoed in more detail with reference to the following production exam- 
ples of the photocurable resin, examples, and comparative examples. In the following examples, "part" or "%" is by 
weight unless otherwise specified. 

[0192] Production examples of the urethane-modrfied acrylic resin to be used in the present invention will be first 
described. 

40 

Production Example B1 

[01 93] A 2-liter four-necked flask equipped with a condenser, a dropping funnel, and a thermometer was charged 
with 40 g of toluene and 40 g of methyl ethyl ketone (MEK) together with an azo initiator. A reaction was allowed to pro- 
45 ceed at a temperature of 1 00 to 1 1 0°C for 8 hr while dropwise adding a mixed solution composed of 22.4 g of 2-hydrox- 
y ethyl methacrylate (HEMA), 70.0 g of methyl methacrylate (MMA), 20 g of toluene, and 20 g of MEK through the 
dropping funnel over a period of about 2 hr. The system was then cooled to room temperature 
[0194] A mixed solution composed of 27.8 g of 2-isocyanatoethyl methacrylate (Karenz MOI, manufactured by 
Showa Denko K.K.), 20 g of toluene, and 20 g of MEK was added to the reaction mixture. An addition reaction was ear- 
so ried out in the presence of dibutyttin laurate as a catalyst Upon confirmation of the disappearance of an absorption 
peak derived from an isocyanate group at 2200 cm' 1 by IR analysis of the reaction product the reaction was terminated. 
[0195] The urethane-modrfied acrylate resin solution thus obtained had a nonvolatile content of 41 .0% and a vis- 
cosity of 130 mPa (30 °C ), and the resin had a molecular weight as measured by GPC using polystyrene as a standard 
(solvent: THF) of 35,000, an average number of double bonds per polymer molecule of 13.8% by mole, and an acid 
55 value of 0(mgKOH/g). 
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Examples B1 to B4 

[01 96] The following four photocurabJe resin compositions A to D to be used in the present invention were prepared 
using the resin solution prepared in Production Example B1 . 

Composition A: 

[0197] 



Resin solution prepared in Production Example B1 (on solid basis) 100 pts. 

Silicone: ami no-modified reactive silicone oil (side chain modification type) (KF-860, manufactured by 1 pi 
The Shin- Etsu Chemical Co, Ltd) 

Polyfunctional monomer (NK OJigo U-15HA, manufactured by Shin-Nakamura Chemical Co., Ltd.) 10 pts. 

Urethane acrylate (Shito UV-3200B, manufactured by Nippon Synthetic Chemical Industry Co., Lid.) 
Photosensrtizer (Irgacure 907, manufactured by Cfca Specialty Chemicals. K.K.) 5 pts. 

[01 98] A mixture of the above ingredients was diluted with methyl ethyl ketone (MEK) to prepare a composition hav- 
ing a solid content of 50%. 

Composition B: 

[0199] 



Resin solution prepared in Production Example B1 (on solid basis) 


100 pts. 


Silicone: trimethytsilGxysflictc acid-containing methylpolysiloxane (KF-7312, manufactured by The Shin- 


1 pt 


Etsu Chemical Co., Ltd) 




Polyfunctional monomer (SR-399. manufactured by Sartomer) 


10 pts. 


Urethane acrylate (Shiko UV-3000B, manufactured by Nippon Synthetic Chemical Industry Co., Ltd.) 


10 pts. 


Photosensrtizer (Irgacure 907, manufactured by Cba Specialty Chemicals, K.K.) 


5 pts. 



[0200] A mixture of the above ingredients was diluted with methyl ethyl ketone (MEK) to prepare a composition hav- 
ing a solid content of 50%. 

Composition C: 
[0201] 



Resin solution prepared in Production Example B1 (on solid basis) 

Silicone: methacryl-modified silicone oil (X-22-164B, manufactured by The Shin-Etsu Chemical Co., Lid) 
Polyfunctional monomer (NK Oligo U-15HA, manufactured by Shin-Nakamura Chemical Co., Ltd.) 
Urethane acrylate (Shiko UV-3520TL, manufactured by Nippon Synthetic Chemical Industry Co., Lid.) 
(Irgacure 907, manufactured by Ciba Specialty Chemicals, K.K.) 
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[0202] A mixture of the above ingredients was diluted with methyl ethyl ketone (MEK) to prepare a composition hav- 
ing a solid content of 50%. 

Composition D: 

5 

[0203] 



10 Resin solution prepared in Production Example B1 (on solid basis) 100 pts. 

Silicone: ami no-modified reactive silicone ofl (KF-301 2, manufactured by The Shin-Etsu Chemical Co.. 3 Pt. 
Ltd) 

Urethane acrylate (Shiko UV-3000B, manufactured by Nippon Synthetic Chemical Industry Co.. Ltd.) 15 pts. 

15 

Photosensitizer (Irgacure 651, manufactured by Crba Specialty Chemicals. K.K.) 5 pts. 1 

[0204] A mixture of the above ingredients was diluted with methyl ethyl ketone (MEK) to prepare a composition hav- 
ing a solid content of 50%. 

20 [0205] Each of the four photocurable resin compositions and a photocurable resin corrposrtion prepared in Com- 
parative Example B1 below were coated onto a polyethylene terephthalate (PET) f Dm (Diafoil T-600. manufactured by 
Diafoil Hoechst Co., Ltd.) (one side of which had been treated for bringing the side to an easy adhesion type) in its 
treated side at a coverage of 50 to 100 urn on a dry basis, and the coating was cured by ultraviolet irradiation in the 
same manner as in the following examples. The cured resin f flm was separated from the PET film, and the Young's mod- 

25 uius at 1% elongation at 25 °C and the Young's modulus at 1% elongation at 120 °C were measured. The Young's mod- 
ulus of the PET film was also measured. The results of the measurement are shown in Table 1 . 
[0206] In the present invention, the Young's modulus was measured by the following method. 



[Method for measurement of Mrnng's modulus] 

30 

[0207] 

Specimen: Strp specimen having a size of 5 mm in width x 50 to 100 urn in thickness 



35 (1) 25°C 

Tensilon universal tester RTA-100 (manufactured by ORIENTEC) was used to self-record a strain-stress 
curve at a tensile speed of 2 mrrvmin, and the stress per unit sectional area was determined from the stress at 
1% elongation and was regarded as the Young's modulus at 1% elongation. 
(2) 120°C 

40 A soGd elastic analyzer RSA-I I (manufactured by Rheometrix Corp.) was used to self-record a strairvstress 

curve at a tensile speed of 3.5 x 10" 4 /sec (measurement mode: STRAIN RATE SWEEP), and the stress per 
unit sectional area was determined from the stress at 1% elongation and was regarded as the Young's modulus 
at 1% elongation. 

45 

Table 1 





Young's modulus at 1% 
elongation (MPa) 




25°C 


120°C 


PET film 


2300 


350 


Ex B1 (cured composition A) 


590 


14 


Ex. B2 (cured composition B) 


740 


12 


Ex. B3 (cured composition C) 


500 


7.5 


Ex. B4 (cured composition D) 


600 


10 
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5 



Table 1 (continued) 





Mxing's modulus at 1% 
elongation (MPa) 




25°C 


120°C 


Corrp.Ex. B1 (cured composition E) 




600 



10 



Examples B5 to B8 (Duplication of holograms) 

[0208] Duplication of holograms was carried out using a continuous 

anese Patent Laid-open No. 156273/1986. 

[0209] In Fig. 6, each number shows the following portion. 



•tit* i 



cator shown in Fig. 6 as descrbed in Jap- 



75 



20 



11 
12 
13 
14 
15 
16 
17 



hologram-forming film 
substrate film 
curable resin 
original plate of hologram 
embossing roller 
pressure roller 
guide roller 



[021 0] The four photocurable resin compositions each were roll coated at a speed of 20 nVmin on a 50-jim polyes- 
ter terephthalate fflm (Diafofl T-600, manufactured by Diafofl Hoechst Co., Ltd.), one side of which had been treated for 
25 improving the adhesion, in its treated surface. The coatings were dried at 1 00 °C to vaporize the solvent to obtain pho- 
tosensitive films for duplication at a coverage of 2 gAn 2 on a dry film basis. All the films thus obtained were not tacky at 
room temperature, and could be stored in a roll form. 

[021 1] The duplicator had an emboss roller provided with a press stamper which had been prepared continuously 
from a master hologram prepared using a laser beam. Alternatively, a duplicated hologjam may be prepared in a resin 
30 plate from a master hologram and applied onto a cylinder. 

[0212] The photosensitive films for duplication prepared above were set on the sheet feed side, followed by heat 
pressing at 150°C to form fine concave-convex patterns. Subsequently, ultraviolet light was applied to perform photo- 
curing. An aluminum layer was then vapor deposited thereon by vacuum deposition to prepare reflection type relief 
holograms. 

35 [021 3] A liquid for an aohesive layer (N1SSETSU PE-1 18+CK101 , manufactured by Nippon Carbide Industries Co., 
Ltd.) was roll coated on the surface thereof, and dried at 100°C to vaporize the solvent. A silicone-treated PET fflm 
(SPO 5, manufactured by Tohcello Co.. Lid.) as a release film was laminated thereon to obtain adhesive layers at a cov- 
erage of 25 g/m 2 on a dry film basis. They are in a label form and can be used in prints, displays or the like for showing 
three-dimensional images. 

40 

Examples B9 to B1 2 (Formation of diffraction gratings) 

[0214] In these examples, the same duplicator as used in the duplication of a hologram and shown in Fig. 6 (as 
descrbed in Japanese Patent Laid-Open No. 156273/1986) was used 

45 [021 5] Each of the four photocurable resin compositions was roll coated at a speed of 20 rrvmin on a 50- \im poly- 
ester terephthalate fim (Diafofl T-600. manufactured by Diafofl Hoechst Co., Ltd.), one side of which had been treated 
for improving the adhesion, in its treated surface. The coatings were dried at 100°C to vaporize the solvent to obtain 
photosensitive films for duplication at a coverage of 2 g/m 2 on a dry film basis. All the films thus obtained were not tacky 
at room temperature, and could be stored in a roll form. 

so [021 6] The duplicator had an emboss roller provided with a press stamper prepared continuously from a master dif- 
fraction grating written using an electron beam. Alternatively, a diplicated diffraction grating may be prepared in a resin 
plate from a master diffraction grating, and applied onto a cylinder. 

[0217] The photosensitive films for duplication prepared above were set on the sheet feed side, followed by heat 
pressing at 150°C to form fine concave-convex patterns. Subsequently, ultraviolet light was applied from a mercury 
55 lamp in the same manner as used in Examples B5 to B8 to perform photocuring. An aluminum layer was then vapor 
deposited thereon by vacuum deposition to prepare reflection type diffraction grating. 

[0218] A liquid for an aohesive layer (NISSETSU PE-1 18+CK101 , manufactured by Nippon Carbide Industries Co., 
Ltd.) was roll coated on the surface thereof, and dried at 10O°C to vaporize the solvent. A silicone-treated PET fOm 
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(SPO 5, manufactured by Tohcelb Ca, Lid.) as a release film was laminated thereon to obtain adhesive layers at a cov- 
erage of 25 g/m 2 on a dry film basts. They are in a label form and can be used in prints, displays or the like for showing 
three-dimensional images. 

5 Examples B13 to B16 (Formation of holograms by transfer) 

[0219] A liquid for a release layer was gnvure coated at a speed of 20 m/rrtin on a 25- pm polyethylene terephtha- 
late film (Lumirror T60. manufactured by Toray Industries, Inc.), and dried at 100 °C to vaporize the solvent to obtain a 
film having a layer construction of release layer (coverage 1 g/m 2 on a dry film basis)/PET. 

10 [0220] The release layer is a layer which, upon transfer of a transfer film on an object, is transferred onto the surface 
of the object to constitute the outermost layer. The release layer is provided for improving, for example, the releasability 
and transferability of the transfer layer, and may be made of various conventional materials according to the kind of the 
substrate f Dm. Materials for the release layer include, for example, polymethacrylic ester resin, polyvinyl chloride resin, 
cellulose resin, silicone resin, chlorinated rubber, casein, various surfactants, and metal oxides. They may be used 

is alone or as a mixture of two or more. 

[0221] In particular, preferably, in the formation of the release layer, the material and the like are property selected 
so that the force necessary for peeling the transfer layer from the substrate fflm is 1 to 5 g/in. (90° peel test). The release 
layer may be formed on the surface of the substrate film by preparing an ink for the release layer and applying the ink 
onto the surface of the substrate film by a conventional method, such as coating. The thickness of the release layer is 

20 preferably 0.1 to 2 jim from the viewpoint of the peel force, transferability and the Oka 

[0222] The four photocurable resin compositions of the present invention prepared above each were roll coated on 
the film having a layer construction of release layer/PET in its release layer. The coatings were dried at 100°C to vapor- 
ize the solvent to obtain photosensitive films for duplication at a coverage of 2 g/m 2 on a dry f im basis. All the films thus 
obtained were not tacky at room temperature, and could be stored in a roil form. 

25 [0223] The duplicator had an emboss roller provided with a press stamper which had been prepared continuously 
from a master hologram prepared using a laser beam. Alternatively, a duplicated hologram may be prepared in a resin 
plate from a master hologam and applied onto a cylinder. The photosensitive f flms for duplication prepared above were 
set on the sheet feed side, followed by heat pressing at 150 °C to form fine concave-convex patterns. Subsequently, 
ultraviolet light was applied from a mercury lamp in the same manner as used in Examples B5 to B8 to perform photo- 

30 curing. An aluminum layer was then vapor deposited thereon by vacuum deposition to prepare reflection type relief 
holograms. An ink for an adhesive layer was gravure coated on the surface thereof, and the coating was dried at 1 00°C 
to vaporize the solvent to obtain an adhesive layer at a coverage of 1 g/m 2 on a dry film basis. 
[0224] Heat-sensitive adhesive resins for the adhesive layer include conventional heat-sensitive adhesive resins, 
for example, rubbers, such as polyisoprene rubber, pdyisobutylene rubber, and styrene-butadiene rubber; 

35 (meth)acryiic esters, such as porymethyl (meth) acrylate, poly ethyl (meth) acrylate, porypropyl (meth)acrylate. potybutyl 
(meth)acrylate, and poly-2-ethylhexyl (meth)acrylate; polyvinyl ethers, such as poryisobutyl ether; polyvinyl acetate; 
polyvinyl chlorides, such as vinyl chloride/vinyl acetate copolymer; polyamkJes, such as polyacrytamide and polymeth- 
yfolacrylamide; vinyl chloride resins, such as polyvinyl chloride; polystyrene; polyester; polyolefin chloride; polyvinyl 
butyral; and other resins, such as vinyl acetate/octyl acrylate resin, vinyl acetate/butyl acrylate resin, and vinyfidene 

40 chloride/butyl acrylate resin. 

[0225] Any fOm may be used as the fflm for coating so tar as the fflm has transferability and releasability. For exam- 
ple, biaxially stretched polyethylene terephthalate (PET) f flms are most preferred from the viewpoint of dimensional sta- 
bility, heat resistance, toughness and the like. In addition to the PET f flms. polyvinyl chloride f flms, polypropylene films, 
polyethylene films, polycarbonate films, cellophane, polyvinyl alcohol films, acetate flms, nylon films, polyamide films, 

45 polyarrade-imide f flms, ethytenervinyl alcohol copolymer f flms, fluorine-containing films, various co-extruded films and 
the like may also be used. The thickness of the fflm is generally 5 to 200 urn, preferably 1 0 to 50 urn. 
[0226] Thermal transfer was carried out on a plywood by applying a hot roll to the fflm side of the assembly with the 
acrylic adhesive facing the plywood. Next, the release film was separated, and ultraviolet light was applied from a mer- 
cury lamp to cure the resin as the surface layer. Thus, transfer films were obtained. They can be used in prints, displays 

so or the like for showing three-dimensional images. Thermal transfer onto a vinyl chloride card was carried out by means 
of a transfer device. As a result, the transferability was good, and the adhesion was excellent 

forrparative Example, B1 

55 [0227] A photocurable composition E was prepared which comprised the same components as the photocurable 
composition A, except that the same amount of an oligomer (BPEFA, manufactured by Osaka Gas Co., Ltd.) was used 
instead of the resin used in the photocurable composition A in Example B1 and no silicone oil was used. The composi- 
tion E was used to conduct the duplication of a hologam, the duplication of a diffraction grating and the formation of a 
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hologram by transfer in the same manner as described above 

[0228] The Young's modulus at 1% elongation at 25 °C and the Young's modulus at 1% elongation at 120°C were 
3.000 MPa and 600 MPa, respectively. 

[0229] The properties of the cured products of the photocurable resin compositions A to F used in Examples B5 to 
5 B20 and Comparative Example B1 (curing conditions being the same as those used in the examples) are shown in 
Table 2. 

[0230] The properties were evaluated by the following methods. 
ReJeasabtlrty (Releasabflrty from press stamper): 

10 

[0231] The coated film was subjected to continuous duplication by 1000 m by means of a duplicator shown in Fig. 
6 (as deserved in Japanese Patent Laid-Open No. 156273/1986), and the press stamper was then inspected for the 
deposition of the resin on the press stamper. 

is O . . Not deposited 
X . . . Deposited 

Chemical resistance: 

20 [0232] Gauze impregnated with methyl ethyl ketone was reciprocated 100 times on the cured surface to rub the 
product with the gauze. The product was then inspected for the state of the surface. When the surface was not in an 
abnormal state, the chemical resistance was evaluated as good. On the other hand, when the surface was in an abnor- 
mal state, the chemical resistance was evaluated as failure 

25 O . Good 
X . . . Failure 

Heat resistance: 

30 [0233] The cured surface of the product was heated to 200 °C by means of a hot roO, and then held at that temper- 
ature for 3 min. The product was then inspected for a color change, deformation and the like. When there was no abnor- 
mal phenomenon, the heat resistance was evaluated as good On the other hand, when yellowing, deformation or 
separation occurred, the heat resistance was evaluated as failure. 

35 O . Good 
X . . . Failure 

Scratch resistance: 

40 [0234] The cured surface of the product was rubbed ten times with a steel wool of #0000. When there was no 
change in surface, the scratch resistance was evaluated as good. On the other hand, when the surface was scratched 
and clouded, the scratch resistance was evaluated as failure. 

O - -Good 
45 X . . . Failure 

Suitability for vapor deposition: 

[0235] An aluminum layer was vacuum deposited on a hologram- or diffraction grating-formed surface. The adhe- 
so sion was then evaluated by a cellophane tape cross-cut test 

O - Good vapor deposition properties 
X . . . Poor vapor deposition properties 

55 Suitability for transfer fflm: 

[0236] An aluminum layer was vacuum deposited on a hologram- or diffraction grating-formed surface. An acrylic 
adhesive for heat sealing (a hot stamping agent) was then coated on the aluminum layer to prepare a transfer film. 
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Transfer onto a polyvinyl chloride card was carried out by means of a transfer device to evaluate the transferability and 
adhesion of the transfer film. 

O • -Good 
X . . . Failure 

Flexing resistance: 

[0237] Letters were formed by embossing on the transfer film which had been transferred onto the polyvinyl chloride 
card. The card was then inspected for cracks or other unfavorable defects in the letters formed by embossing. 

O - • • Remained unchanged 
X . . . Cracked 



Table 2 



Results of evaluation 




Composition 
used 


Releasabflrty 


Chemical 
resistance 


Scratch resist- 
ance 


Suability for 
deposition 


Flexing resist- 
ance 


Ex. B5 


A 


o 


o 


o 


® 


O 


Ex. B6 


B 


o 


o 


o 


@ 


o 


Ex. B7 


C 


o 


o 


o 


® 


o 


Ex. B8 


D 


o 


o 


o 


® 


o 


Ex. B9 


A 


o 


o 


o 


® 


o 


Ex B10 


B 


o 


o 


o 


® 


o 


Ex. B11 


C 


o 


o 


o 


® 


o 


Ex. B12 


D 


o 


o 


o 


® 


o 


EX.B13 


A 


o 


o 


o 


® 


o 


Ex. B14 


B 


o 


o 


o 


® 


o 


EX.B15 


C 


o 


o 


o 


® 


o 


Ex. B16 


D 


o 


o 


o 


® 


o 


Conp.Ex. B1 


E 


o 


X 


o 


o 


X 



[0238] As is apparent from the above examples and comparative examples, according to the present invention, the 
use of a specific urethane-modrfied acrylic resin as a main film-forming component of a photocurable resin composition 
can provide relief and volume holograms or diffraction gating sheets which possess excellent strength, heat resistance, 
scratch resistance, water resistance, chemical resistance, and adhesion to substrates, and, at the same time, are con- 
formable to flexing or expansion/contraction of objects with the hologram or grating sheet applied thereto. 

Claims 

1. A hologram transfer fflm comprising: 
a substrate fim; 

a hologram-forming layer provided on the substrate film; 

a heat-sensitive adhesive layer provided on the hologram-forming layer, 

the hologram-forming layer having a breaking strain of 0.5 to 19% at 25 W C and a breaking strain of 0.5 to 30% 
at120°C. 



2. The hologram transfer film according to claim 1 , wherein a release layer is provided between the substrate film and 
the hologram-forming layer. 



EP1Q22625A1 

3. The hoiog^m transfer f Dm according to claim 1 or 2, wherein the hologram-forming layer is a surface relief holo- 
gram-forming layer. 

4. The hologram transfer film according to claim 1 or 2, wherein the hologram-forming layer is a volume hologram- 
forming layer. 

5. A process for producing a hologram transfer f flm, comprising the steps of: 

providing a film having a hologram-forming layer and a f 3m having a heat-sensitive adhesive layer in respective 
independent steps; and then 

laminating these films in combination according to applications of the hologram to prepare the hologram trans- 
fer film according to claim 1 . 

6. The process according to daim 5, which comprises: 

providing a first film having a hologram-forming layer, a second film having a heat-sensitive adhesive layer, and 

a third fflm having a release layer in respective independent steps; 

forming a hologram image in the hologram-forming layer in the first f Dm; and then 

laminating the second film and the third f Dm onto the first fflm with the hdopam image formed thereon. 

7. The process according to claim 6, wherein the lamination of the first to third films is earned out by the dry process. 

8. The process according to claim 5, wherein the film having a hologram-forming layer is further provided with a 
release layer, and the flm having a hologram-forming layer and a release layer and the film having a heat-sensitive 
adhesive layer are provided in respective independent steps. 

9. The process according to claim 5, wherein a f flm having a hologram-forming layer and a heat-sensitive adhesive 
layer and a film having a release layer are provided in respectively independent steps. 

10. The process accorcfing to claim 5, wherein the hologram-forming layer is a volume hologram. 

1 1 . The process according to claim 5, wherein the hologram-forming layer is a relief hologram. 

12. The process according to claim 6, wherein a volume hologram is recorded in the hologram-forming layer in the first 
film, the third film is laminated thereon, the laminate is developed, and the second f im is then laminated onto the 
developed laminate. 

13. The process accorcfing to claim 6, wherein the difference in refractive index between the hologram-forming layer 
and the release layer is not more than 0.01. 

14. The process accorcfing to claim 6, wherein the intertaminar strength between the first to third films is controlled. 

15. An article having, on its surface, a hologram layer formed by using the hologram transfer film according to claim 1. 

16. The article according to claim 1 5, wherein the article is a plastic card, a portable telephone, a note or a gold note, 
a daily necessity, or a CD-ROM package. 

17. A photocurable resin composition for providing a formative layer formed of a hologram or a diffraction grating on a 
substrate having a Young's modulus at 1% elongation of not less than 2,000 MPa at 25 °C and a Young's modulus 
at 1% elongation of not less than 350 MPa at 120°C, wherein the photocurable resin composition provides a cured 
product of which the Young's modulus at 1% elongation at 25 °C and the >bung's modulus at 1% elongation at 
120°C are respectively lower than those of the substrate. 

18. A hologram or diffraction grating sheet comprising: 

a substrate fflm; 

a formative layer formed of a hologram or a Effraction grating provided on the substrate fflm; and 
a pressure-sensitive adhesive layer provided on the formative layer, 
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the substrate fflm having a Young's modulus at 1% elongation of not less than 2,000 MPa at 25 °C and a 
Young's modulus at 1% elongation of not less than 350 MPa at 120°C, 

the formative layer having Yaung's modulus at 1% elongation at 25 °C and the Vbung's modulus at 1% elonga- 
tion at 120°C respectively lower than those of the substrata 

5 

19. A forgery-preventive sheet comprising the hologram or diffraction grating sheet according to claim 18 which has 
been infused therein as watermarks in the form of a lustrous thread. 

20. The composition according to claim 17, wherein the photocurable resin composition comprises a photocurable 
10 compound selected from the group consisting of photoporymerizaHe/joho monomers, oligomers, 

and prepolymers having at least one ethyl enicalry unsaturated bond per molecule and mixtures of said compounds. 

21 . The composition according to claim 20, wherein the photocurable resin composition further comprises a photopo- 
lymerization initiator and a sensitizing dye. 

15 

22. The sheet according to claim 18, wherein the formative layer is a relief hologram- or volume hologram -forrting 
layer. 

23. The hologram transfer film according to claim 2, wherein a barrier layer is provided between the release layer and 
20 the hologram-forming layer. 

24. The hologram transfer film accortfng to claim 2, wherein the barrier layer comprises an ionizing radiation-curable 

25 
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